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The Health Element in Preparedness 


NOTHER indication of the co-operation 

which the War Department may expect 
from the country’s technically trained men 
is afforded by the recently published an- 
nouncement of the annual meeting cf the 
American Public Health Association at Cin- 
cinnati, Oct. 24 to 27. As Dr. John F. An- 
derson points out in his presidential state- 
ment, national preparedness, to the great 
majority, means preparedness as to muni- 
tions, army supplies, ships and all the 
numerous things that the Army and Navy 
use. To a lesser number of people, prepar- 
edness means also the health and physical 
condition of the men at the front. “It is 
largely with us, as guardians of the health 
of the nation,’ Dr. Anderson says, ‘‘to see 
that this vital element is as it ought to be.” 
It is the intention at the Cincinnati con- 
vention to devote a large part of the time 
to a consideration of measures affecting the 
vital and human element of national de- 
fense. The co-operation of such a body as 
the American Public Health Association, in 
the event of any crisis, would be of incal- 
culable benefit. 


Fine Words 


N an advertising circular being sent out 
by the American Society of Municipal 
Improvements are found these words: “The 
ideal of this organization—the public be 
served first—is sincere and powerful. 
There has never been in this society 

a disposition to follow men rather than 
principles, and right there lies its strength. 
The ideal of this organization that 


_the public service be improved is the highest 


ideal that could possibly dominate in an as- 
sociation of public officials. It has the force 
of righteousness behind it.’”’ These are in- 
deed fine words. If the society will back 
them up by reforming its present loose sys- 
tem of conimittee work, by strengthening 
its backbone so that it will not go counter 
to its own rules, and by setting itself 
against the adoption of patented pavement 
types as its standard, the engineering pro- 
fession will have more faith in it. Its spec- 
ifications will have a higher standing. It 
will become a power in the profession, in- 
stead of an object of suspicion. At its next 
convention it will have an opportunity to 
back its fine words by equally fine deeds. 


Suspension Bridge Analysis 
UPPLEMENTING the articles by the 
same author developing graphical solu- 

tions for arches with fixed ends and for 

reinforced-concrete conduits (Engineering 

Record, Sept. 11, 1915, page 324, and Oct. 

16, 1915, page 486), C. S. Whitney, on page 

234 of this issue, presents a graphic analysis 

for stiffened suspension bridges with para- 


bolic cables. This analysis is based upon 
the theory of displacements and should sim- 
plify the work of complete investigation and 
design of such bridges. The usual assump- 
tions are made; that is, hanger stresses are 
considered to be equal under varying load- 
ings and the deflection of the cables from 
the parabolic form and the deformation of 
the hangers and of the towers are neglected. 
Except for very long spans and light stiff- 
ening trusses these assumptions are suffi- 
ciently accurate for all practical purposes. 
It will be found that Mr. Whitney’s analysis 
is simpler in application than the analysis 
usually presented in text books on the sub- 
ject, where the principle of least work is 
applied to the problem. Influence lines by 
which the horizontal component of the cable 
tension and the stresses in the stiffening 
trusses can be obtained are readily drawn 
for either concentrated or uniform loading, 
and the effect of change in temperature is 
easily computed. This simplified analysis 
should tend to increase the use of the stiff- 
ened suspension bridge, especially for high- 
way spans of the lengths for which this 
type is most economical. 


Work Ahead for A. R. E. A. 


PERUSAL of the Bulletin of the Amer- 

ican Railway Engineering Association 
announcing the work assigned to the various 
committees is sufficient to dispel any wonder 
that may have existed as to its late appear- 
ance. The committee on outline of work 
seems to have outdone itself. Instead of 
three, four and five subjects, one finds seven, 
ten ‘and twelve lines of investigation as- 
signed .to most of the committees. Many of 
these, to be sure, are continued from last 
year, as “progress only’? was reported in 
so many instances at the last convention. 
Fully half, however, are new assignments, 
and interesting ones. Apparently all of the 
good suggestions made at the last conven- 
tion, either by the committees or by indi- 
viduals, were absorbed by the committee 
on outline of work, and in addition numer- 
ous other timely subjects are brought up. 
If the standing and special committees do 
justice to all of these subjects they will 
have a busy year, and next year’s conven- 
tion should be most instructive. One sub- 
ject for investigation that the Engineering 
Record heartily welcomes is that of grade 
crossings—their protection and their elimi- 
nation, and the distribution of their cost 
between carrier and public—assigned to the 
committee on signs, fences and crossings. 
One might question the close connection be- 
tween the general grade-crossing preblem 
and “signs, fences and crossings,” and wish 
a special committee had been created to 
thrash out the whole matter. The com- 
mittee to which the subject has been given 
has, however, done some excellent work in 


the past, and will undoubtedly produce much 
food for discussion at future conventions. 
The Engineering Record, believing that 
with the growing feeling against grade 
crossings this is a matter that cannot be 
allowed to drag along over years, hopes the 
committee will present definite findings next 
March. 


To Stop Reservoir Seepage 


ANY remedies have been suggested for 

sealing the Cedar River reservoir of 
Seattle’s municipal water and power proj- 
ect, which was completed late in the year 
1914. The new masonry dam apparently 
was watertight, but great quantities of 
water flowed away through porous material 
in the north bank of the basin and emerged 
as springs in the valley about a mile below 
the structure. Among the first repairs to 
be suggested was a cutoff wall, which would 
have involved a very large expenditure. The 
lining of the area with concrete was another 
alternative. Recent developments indicate, 
however, that neither of these methods will 
be adopted. The present tendency, as in- 
dicated in a report submitted early this 
month by A. H. Dimock, city engineer, 
seems to favor a repair scheme involving 
the silting of the porous bottom with fine 
clay and, possibly, the laying of an impervi- 
ous asphaltic lining over a portion, or all, 
of the area to be submerged. In addition 
to his own recommendation, Mr. Dimock 
includes in his report summaries of reports 
by Frederic P. Stearns, William Mulholland 
and R. H. Thomson, consulting engineers. 
A résumé of the findings of these experts 
appears on page 228. It is interesting to 
note that Mr. Thomson believes that ‘sealing 
by silting will be sufficient and that an arti- 
ficial lining will be necessary. Mr. Stearns, 
on the other hand, thinks it will be neces- 
sary to line the entire basin, while Mr. Mul- 
holland occupies an intermediate position, 
holding that it will be necessary to line 
the slopes only and silt the bottom of the 
reservoir. Experiments by Mr. Dimock, 
the report states, have indicated the feasi- 
bility of the asphaltic lining, which is the 
novel feature of the scheme proposed. If 
the plan proves successful it may develop in- 
teresting adaptations on other work. 


Aesthetic Bridge Design 


HILE local conditions and available 

funds undoubtedly modify the appli- 
cation of the general principles upon which 
the bridge designer should select the type 
of structure for a given crossing, there are 
cases in which the violation of zsthetic re- 
quirements in large cities seems inexcusable. 
An example in point is the Ninetieth Street 
bridge in Cleveland, described on page 190 
of last week’s issue. Conceding the diffi- 
culties of this problem of diverting Holton 
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Avenue and providing sufficient clearances 
not only for this avenue and the Pennsyl- 
vania Railroad tracks, as at present located, 
but to allow future change in grades in 
each case to eliminate the grade crossing, 
it still appears to this journal that the de- 
sign would have been vastly improved by 
using concrete to mask the steel of the 
girders (see Engineering Record of Oct. 11, 
1913, page 401, and Nov. 138, 1915, page 
598) and by adopting a through arch of 
the same type as that at Forty-second Street 
in Philadelphia (see Engineering Record of 
May 22, 1909, page 648) for the main east 
span over the Pennsylvania Railroad tracks. 
The value of concrete as an ornamental and 
preservative covering for steel, making un- 
necessary the maintenance cost of painting, 
has been successfully demonstrated. In the 
interest of harmony of outline and appear- 
ance where concrete arch spans exist beside 
the steel girder spans, a relatively small 
added cost for concrete incasement of the 
steel would be amply warranted. A city 
of the size and civic pride of Cleveland 
should insist upon proper consideration of 
esthetic principles in all of its important 
structures. The Detroit-Superior and the 
Brooklyn-Brighton viaducts in the same city 
both serve as excellent examples of the type 
of architectural finish in such structures 
which cannot fail to impress observers, and 
act as an intangible asset to the city itself. 


Fallacy of Average Bid in 
Awarding Contracts 


PAVING manufacturer whose product 

has been injured by being used in 
cheap work, done by men who bid low be- 
cause of inexperience, makes on page 240 
of this issue an interesting suggestion for 
the overthrow of the low-bid fetish so com- 
monly worshipped in American municipali- 
ties. Briefly, the method advocated is that 
of averaging all the bids and awarding the 
contract to the bid nearest the average. It 
is argued that this practice would, at least, 
absolve public officials from suspicion of 
favoritism, because the method is a lottery, 
pure and simple. Obviously, no man, bidder 
or official, could predict the amount of the 
average bid, unless, of course, dummy bids, 
excessively high, were put in to raise the 
average. Therefore, without the possibility 
of being charged with maladministration, 
public officers could award contracts at 
prices which would make fair work pos- 
sible and leave the administration engineers 
free to demand it. But would this method 
make it any more certain that cities would 
get fair work? We think not. Contractors 
progress. They are alert to increase their 
efficiency, introduce new methods and do 
just as careful work for less money than 
their competitors. The proposed system 
would remove the premium on this progress- 
iveness. The average contractor would be 
as successful in getting work as the up-to- 
date man. The average man would in many 
cases secure work at prices which would 
yield the enterprising contractor big profits, 
but which, because of his slack methods, 
would yield this average contractor nothing. 
There waquld be the same old temptation to 
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“skin” work. The net result would be a 
defeat of the main object of engineering 
through increased cost of public work. 

It might be argued that enterprise among 
contractors would still be fostered by the 
tempting profits awaiting the efficient. Not 
so. The reward of efficiency in the con- 
tracting field lies not in large profits on 
single operations but in a multitude of con- 
tracts. The able men, the strong organiza- 
tions, must be paid if they are to be held. 
If they are to be paid they must be kept 
busy. Also, if they are to remain efficient, 
they must be kept busy. Unused tools rust. 
The enterprising firm’s greatest asset is its 
ability to get the business because it can 
handle the business at the least expense. 
To average all bids is to wipe out this chief 
advantage of enterprise. 

Thinking men will not agree with Mr. 
Carter that his remedy will prove effective. 
It will be hard—some deem it next to im- 
possible—to teach the public that officials 
who shun irresponsible, inefficient contract- 
ors in awarding bids are not always crooked, 
but it must be done without resort to a 
system of averaging bids. 


Invading the Domain of the 
Lawmaker 


WELL-KNOWN ATTORNEY discuss- 

ing matters of broad public interest 
recently took the position that “the work 
of the engineer should be confined particu- 
larly to the collection of facts. ... They 
should not attempt to invade the realm of 
the lawmaker or lawyer in the preparation 
of any form of suggested laws.” At first 
thought the modest engineer, considering 
his lack of experience, expresses acquies- 
cence, and says, ‘Of course, we should not 
go outside our technical lines.” Later as 
he begins to think more deeply on the sub- 
ject and to inquire into the fundamentals 
of lawmaking, it dawns on him that so far 
as he is concerned there can be no such 
thing as invasion of the realm of the law- 
maker, simply because there is no such ex- 
clusive realm and no restricted body of citi- 
zens to whom pertains the privilege and 
duty of making laws. The efficiency of a 
democratic form of government rests upon 
the devotion of each and every citizen, 
especially those highly educated, to the duty 
of lawmaking, as far as practicable. 

It is true that our legislatures and Con- 
gress are composed of 70 per cent and up- 
ward of lawyers and there is a prevailing 
conception that elective offices should be 
filled by men educated in the law. This 
idea is widely diffused and lawyers neglect 
no opportunity of showing to the world that 
the education of a lawyer develops qualities 
best suited for public service in lawmaking 
and in executive duties. Among others the 
engineers have acquiesced in this and have 
not presented claims which should be as 
valid, if not even stronger, for an engi- 
neering training is of equal or even greater 
importance in clearly seeing the needs of 
the public and in stating these in plain 
terms in the statutes. As the matter now 
stands, the laws made by bodies of citizens 
composed for the greater part of lawyers 
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are not particularly well adapted to modern 
conditions, nor are they consistent. Neither 
are they wholly intelligible to the courts 
which must be called upon to interpret 
them. Undoubtedly the laws would be far 
better adapted to the actual conditions and 
far more intelligible if the engineers had 
a larger hand in the matter. It is to be 
noted that while lawyers predominate in 
lawmaking bodies, and while there are also 
bankers, merchants, doctors and nearly 
every other profession and trade, the most 
conspicuous absence is that of the engineer. 
There is something wrong with a profes- 
sion which is practically unrepresented in 
this important group of citizens. 

It is evident that an erroneous impres- 
sion has prevailed with reference to “in- 
vading the realm of the lawmaker.” The 
engineer cannot “invade” the realm simply 
because that is his proper place, but one 
which he has not occupied to the degree 
which is best for himself and for the public. 


The Man from Home 


ROM one of its readers the Engineer- 
ing Record has received a letter ob- 
jecting to the employment of nonresident 
consulting engineers to report on problems 
which could be solved satisfactorily by local 


-members of the profession at less cost. In 


the opinion of this correspondent the prac- 
tice is especially true of large corporations 
and the more important municipalities. “I 
have in mind,” he says, “the president of 
a city Business Men’s League who always 
has to have an ‘expert’ engineer from a dis- 
tant state to look after any engineering 
projects his company may be interested in 
starting. The ‘expert’ usually sizes him up 
and charges the limit. Nine times out of 
ten there are local engineers who are just 
as capable and reliable and have had just 
as much practical experience as-the ‘expert.’ 
I think the local engineer, everything else 
being equal, should be patronized.” 

The point raised in this communication 
is one which depends so greatly upon local 
conditions that it is not possible to dispose 
of it in any general terms. The report of 
a consulting engineer does not always serve 
merely as a solution to some technical prob- 
lem. It has many other uses. Take the 
case of some sound project which needs for 
its development the support of financial in- 
terests. A favorable report from an en- 
gineer of national reputation will enlist this 
support far more readily than the findings 
of a more obscure local man, although in 
the intrinsic value of the two reports there 
may be nothing to choose. In another case, 
the failure of some engineering structure, 
it is common practice to call in experts from 
outside even though there be engineers in 
the immediate locality well qualified to re- 
port on the accident and the possibility of 
its repetition. Other factors than mere 
engineering enter into such situations. It 
may, for instance, be necessary to allay 
public anxiety, and reports by outside ex-, 
perts often prove effective remedies. It is 
all as much a matter of psychology as of 
pure engineering, and gets back to the old 
adage about a prophet being without honor 
in his own country. Many times, of course, 
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the local engineer, because of his intimate 
familiarity with conditions, may be far 
better qualified to express an opinion than 
the outsider. On the other hand, it is some- 
times best to receive an opinion based upon 
an entirely fresh and unbiased point of 
view. Too close proximity may distort the 
vision of the local engineer, while the man 
from afar may be able to see the situation 
in its true perspective. 

This journal is reliably informed that in 
a certain section of the country local en- 
gineers have followed one another almost 
blindly in the design of concrete reservoirs 
which are faulty in an important detail of 
their foundations. Most of these basins 
leak badly. Under such conditions the em- 
ployment of an outside engineer on some 
new waterworks project would surely have 
a most beneficial effect. 

From what has been said it must not be 
inferred that this journal advocates the 
universal employment of the out-of-town 
consulting engineer. The local man is often 
as well, if not better, qualified to express an 
opinion. Hach case must be decided accord- 
ing to the local conditions which govern it. 


That Mantle of Charity 


REFRESHING departure from the ex 

post facto policy that seems to prevail 
among most of those who attempt to regu- 
late railroads is found in an opinion written 
recently by Walter A. Shaw of the State 
Public Utilities Commission of Illinois. 
Mr. Shaw does not believe that it is the in- 
tent of the law to correct all the evils that 
grew under past unregulated conditions. 
The case in question was one of additional 
capital, and Mr. Shaw thought that if the 
desired new securities were represented by 
new property that was sufficient. The 
principle applies, however, to other matters 
relative to valuation and ratemaking. 

It is unfair, for instance, to deduct de- 
preciation in evaluating a railroad on the 
ground that the depreciation funds of the 
past have been dissipated by excessive divi- 
dends. Even to this day there is no very 
definite provision made that the railroad 
may earn a depreciation reserve. Only 
within the last few years has the desir- 
ability of such a reserve been agitated, and 
in that time the uselessness of an actual 
fund of any considerable size for a large 
railroad has been demonstrated by valua- 
tion experts. On the other hand there is 
no blinking the fact that when many of the 
railroads were built both public opinion 
and the law as then interpreted put them in 
pretty much the position of the private en- 
terprise, entitled to all the profits they could 
get honestly. Why then should they be per- 
manently penalized for distributing large 
profits that included what a later genera- 
tion says should be set aside as a deprecia- 
tion fund? Even if the railroad securities 
had remained in the hands of those who had 
reaped the large profits, the public ethics of 
taking back what had once been given under 
conditions that were considered right would 
be questionable. But many of these secu- 
rities are constantly changing hands. 
Their market prices are based largely, at 
least, on present earnings and future pros- 
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pects, and the public, by keeping its hands 
off for so long, has in a way given its stamp 
of approval to the conditions. 

It was right to put the public utility on 
a different basis and regulate its earnings, 
but it is not right to extend regulatory 
measures backward, and thereby alter the 
conditions under which the securities have 
changed hands. This is no more fair than 
it would be if, as may some day come to 
pass, we were to regulate the price of shoes, 
and should then oblige the dealer to sell us 
three-dollar shoes for one dollar on the 
ground that he had been getting five dollars 
all these years. 

Of course the foregoing is not to be in- 
terpreted as an indorsement: of illegal and 
crooked practices of the past. Presumably 
Mr. Shaw would, as this journal would, 
punish such misdeeds as fully as possible, 
but it should be remembered that much that 
is now illegal was once legal. The burden 
of the proof is on the public to show unlaw- 
ful acts, and not assume that all utilities 
have been guilty of them because some 
have. 


Laws of Chance Adapted to 
Engineering Studies 


HE value of a numerical record of any 
sort depends upon the fullness and accu- 
racy of its interpretation. Records such as 
are commonly met with in studies along 
sanitary lines, when examined as they are 
taken in chronological order, often fail to 
give the clear impression desired regarding 
any particular point in question, as the 
mind fails to grasp all the elements of the 
record in that form. Perhaps the com- 
monest aid to the interpretation of such a 
record is the average, to which is some- 
times added the maximum and minimum. 
Another step in the direction of clear in- 
terpretation is in the graphical representa- 
tion of the record. To those who are used 
to diagrammatic presentations, a chrono- 
logical diagram of the record gives a clearer 
grasp of its meaning than does a tabular 
statement, but those who have to make fre- 
quent interpretation of such records realize 
the shortcomings of this method. A chrono- 
logical draft sometimes gives a confusing 
mental picture, whereas clearness is the 
thing most desired. 

The interpretation and comparison of all 
records of this kind is facilitated by the 
simple rearrangement of the terms of the 
record in the order of magnitude. This 
treatment at once converts the diagram into 
a smooth line of some characteristic shape, 
and a curve constructed in this way gives 
distinctly more information about the rec- 
ord for many purposes than does the chrono- 
logical arrangement. 

In studies that have recently been made, 
involving a large volume of records of this 
general character, Allen Hazen has recog- 
nized the fact that the variations of many 
such records follow substantially the laws 
of probabilities. This may be interpreted 
to mean not that events happen without 
cause, but that there are so many causes 
of the events that we cannot consider each 
alone, and these causes operate in such a 
way that the combined result conforms, in 
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many cases very closely and in other cases 
approximately, to the laws of chance. 


Observing this peculiarity about various 
records, Mr. Hazen conceived the idea of 
preparing a plotting paper on which the 
curve of probability would plot as a straight 
line. Then any series of observations which 
varied in accordance with this- probability 
would also plot as a straight line. This 
plotting paper was prepared and used. 

Along similar lines of study Prof. George 
C. Whipple, of Harvard University, in re- 
cent issues of the Journal of the Franklin 
Institute (July and August, 1916), de- 
scribes at some length the application of 
this method to various problems that arise 
in connection with sanitation. He shows 
that a record of variations in death rates 
plots as a straight line and facilitates the 
easy and accurate comparison with other 
similar records. He points to the studies 
that have been made along this line with 
stream flows and annual rainfalls and shows 
that they plot as straight or nearly straight 
lines. He shows that the variations in the 
percentage of different constituents in milk 
analyses and in water analyses plot as 
straight lines and enable the frequency of 
a variation of given magnitude to be clearly 
understood. He shows that the numbers 
of bacteria in water, thus arranged and 
plotted, form a line that is direct and char- 
acteristic in shape, although not always 
quite straight, and points out the facility 
of its interpretation. And so for many 
other records. 


The use of this method has many advan- 
tages. It indicates at a glance the aver- 
age, and also the median observation, which 
is coming to be recognized as having an 
important value. It shows clearly the de- 
gree of uniformity of the terms of the 
record and especially shows the magnitude 
of the variations from the mean at any and 
all points of the scale. A little reflection 
will indicate that this latter property is a 
most valuable one in any record. It is a 
means of predicting with reasonable assur- 
ance the magnitude and frequency of vari- 
ations larger or smaller than have hereto- 
fore occurred. 


The substance of Professor Whipple’s 
whole paper goes to emphasize the impor- 
tance of the use of the principles of proba- 
bility to engineers, chemists, health offi- 
cers and biologists. As he states in con- 
clusion: ‘Oftentimes direct results may be 
obtained by using the laws of chance, but 
perhaps the greatest benefit to be derived 
from the study of probability is the state 
of mind which it is likely to produce. A 
realization of the fact that oftentimes many 
different causes are involved in the produc- 
tions of an event will prevent one from 
being too sanguine in drawing conclusions 
from tests, analyses, and statistical data of 
all sorts, and from being too drastic in the 
enforcement of standards. 

“It is believed that in the probability 
paper which has been described Hazen has 
given to the profession a new and very 
useful tool. Heretofore the laws of proba- 
bility have been used with difficulty; 
hereafter they may be used with greater 
facility.” 
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WHEN COMPLETED THE CALAVERAS DAM, NEAR SAN FRANCISCO, WILL BE THE HIGHEST EARTHFILL DAM YET UNDERTAKEN 


Three Million Yards Being Pumped to Build Calaveras 
Dam, 240 Feet High, by Hydraulic Method 


Highest Earthfill Structure Yet Undertaken, to Augment San Francisco’s Water Supply, One 
Third Complete—Unit Cost of First Million Yards, Exclusive of Overhead, 25 Cents Per Yard 


By G. A. ELLIOTT 


Engineer, Spring Valley Water Company, San Francisco 


YDRAULIC methods are being used in 

the construction of the Calaveras dam 
near San Francisco, the highest earth dam 
yet undertaken. The embankment involves 
more than 3,000,000 cu. yd. of fill, and prac- 
tically all of the material has to be pumped. 
To date about a third of the embankment 
has been placed, and the bare cost per yard, 
exclusive of overhead, has been about 25 
cents. 

The location of San Francisco at the 
northern end of the San Mateo peninsula 
and the local climatic conditions make the 
water-supply problem difficult. The pres- 
ent supply of 44,000,000 gal. daily is de- 
rived partly from surface reservoirs lo- 
cated about 20 miles south of the city and 
partly from artesian gravel beds in Ala- 
meda County on the east side of San Fran- 
cisco Bay. This water is carried to San 
Francisco in pipes which pass under the 
bay. The danger of the more or less fre- 
quent occurrence ‘of dry seasons necessi- 
tates the maintenance of a large storage 
reserve. The existing storage of 90,000 
acre-feet, together with the present yield 
of the subterranean sources, insures a sup- 
ply for three years. The Spring Valley Wa- 
ter Company, which supplies the city with 
water, has in addition to the developed sup- 
ply a large potential capacity in Alameda 
County. The development of additional wa- 
ter involves the use of two large under- 
ground gravel-filled basins and the con- 
struction of three dams which will form 
surface reservoirs with a storage of 250,- 
000 acre-feet, having a tributary water- 
shed of.more than 300 square miles. 


The Calaveras dam, the construction of 
which was begun in 1913, is the largest of 
the three. It is located about 45 miles 
southeast of San Francisco on one of the 
branches of Alameda Creek, and has a di- 
rect tributary drainage area of 100 square 
miles, which will be increased to 138 square 
miles by the construction of a tunnel 9000 
ft. long. It will have a capacity of 162,700 
acre-feet and will insure a daily supply of 
57,000,000 gal., more than doubling the 
present supply. 


HIGHEST FHARTHFILL DAM 


The Calaveras dam is the highest earth- 
fill structure yet undertaken, and in volume 
is second only to the Gatun dam. The 
height above bedrock at the center is 240 
ft., the crest length 1300 ft. and the base 
width 1300 ft. The upstream face slope 
is 8:1 and the downstream 214:1. It 
will contain 3,084,700 cu. yd., of which 1,- 
300,000 cu. yd. are now in place. To pre- 
vent seepage under or around the struc- 
ture, a trench 25 ft. wide and 8 ft. deep 
has been cut in the bedrock under the crest 
line. On the west side, due to the presence 
of seamy rock in the abutment, this trench 
has been carried 50 ft. below the ground 
surface. 

The reservoir outlet consists of a con- 
erete culvert 1300 ft. long with an area of 
234 sq. ft., following the original stream 
channel beneath the dam. A reinforced- 
concrete tower, 225 ft. high, located at the 
upstream end of the culvert, provides an 
outlet for the reservoir. The tower was de- 
signed to withstand a possible earthquake 


shock having an acceleration of \6 ft. per 
second per second. The design was made 
by A. V. Saph. 

The type of dam was decided upon after 
a thorough investigation of the foundation 
conditions and with due respect to the pos- 
sibility of earthquake effect. Materials 
were available for either a concrete or an 
earth dam. The fault line: of the earth- 
quake of 1906 passed directly through the 
San Adreas and Upper Crystal Springs 
earth dams, and although the movement was 
sufficient to change the position of nearby 
fences more than 6 ft., the structures were 
not affected in any way. In view of this 
experience, it was decided that an earth 
structure built on liberal lines would not 
offer the rigid resistance to seismological 
disturbance that would be met in a masonry 
dam. ‘ 


REASON FOR HYDRAULIC METHOD 


The hydraulic fill was selected on account 
of the economy of the method as compared 
to the ordinary dry fill, and also for the 
great advantage to be derived from the au- 
tomatic selection of the material, which by 
this method is deposited in successive 
stages of quality ranging from the extreme- 
ly coarse fill on the outer slopes to the fine 
clay in the core. Test pits indicated that 
workable material was. available. 

Work was started in May, 1913, and 
during that year the culvert was completed. 
Surface soil and gravel were removed to a 
depth of 30 ft. for a distance of 65 ft. on 
either side of the core trench, exposing the 
bedrock. The material removed in this way 
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was used to build dikes along the toes of 
the dam to retain the sluiced fill. Early in 
1914 the hydraulic fill was begun and has 
been carried on continuously to the present 
time. 


SLUICING METHODS 


Practically all of the hydraulic fill in the 
dam has been pumped. The location of only 
one of the eight borrowpits used was at an 
elevation sufficient to deliver the material 
by gravity. The distance of transportation 
has varied from 1000 to 4500 ft. The 
equipment used in the work consists of mo- 
tor-driven centrifugal pumps. 

At the present time two sluicing units 
are used. A three-stage 8-sec.-ft. cen- 
trifugal pump, direct-connected to a 500- 
hp., 2200-volt induction motor running at 
600 r.p.m. is mounted on a barge in the 
reservoir above the partly completed dam. 
The water is pumped through 12-in. slip- 
joint steel pipes, and is delivered at the pit 
with a nozzle pressure of 75 lb. Hendy 
giants, with discharge tips varying from 
2% to 4 in. in diameter, are used on the 
end of the line. The size of the discharge 


tips varies with the material, depending: 


upon the cutting force necessary to bring 
down the banks. 

The second station is located in the canon 
below the dam and receives its supply 
through a suction pipe laid through the out- 
let culvert. This installation consists of 
two units, one with a capacity of 8 sec.-ft. 
against a 400-ft. head and one of 4 sec.-ft. 
against a 550-ft. head. The water from the 
smaller pump is delivered with a 75-lb. head 
and is used to cut the banks. Water from 
the second unit is delivered at the pit with- 
out head and simply gives a volume suffi- 
cient to carry the material to the dam. By 
dividing the pumping head in this way a 
considerable saving was effected in the 
power cost. 


HANDLING OF JETS 


The jets are directed against the toe of 
the borrowpit bank, which is undermined, 
causing it to cave in. This results in the 
spoil being broken up and ailows the water 
to carry it away. The soil-laden water 
flows to the lowest point in the pit, passing 
through a grizzly or screening device made 
of vertical 2-in. pipe set 4 in. apart. Rocks 
more than 4 in. in diameter are screened out 
and passed through a crusher set just be- 
low the grizzly. From this point the ma- 
terial is pumped by a 12-in. mud pump 
driven by a 300-hp. motor through a 14-in. 
slip-joint steel pipe to the toe of the dam. 

The pipes discharge their contents on the 
outer edges of the toes. The flow is di- 
rected toward the center of the dam by the 
work of one man, who by the use of boards 
so controls the discharge from the pipe 
line as to build up small dikes along the 


THERE IS LITTLE WASTE AT OUTLET BOXES 


edge of the toes. The coarser fill remains 
near the point of discharge, the remaining 
burden of the water being deposited auto- 
matically as the velocity of the stream de- 
creases, until the pond is reached. Here 
the fine clay is settled in comparatively 
still water. The point of discharge is 
changed along the toes by the removal of 
successive pipe lengths, to maintain uni- 
form relation between the widths of the 
dry banks and pond. 
from the end of the discharge line without 
interruption to the pumps, so that a deliv- 
ery run across the toe is always begun from 
the end furthest from the pit. 


OPERATION OF MuD PUMPS 


The mud pumps will operate against a 
head of 80 ft. When the head exceeds 80 
ft. a booster of equal capacity is cut into 
the line. The head on the mud pumps de- 
pends largely on the character of the soil. 
With an excess of clay the friction is com- 
paratively low, and the power required is a 
minimum. An example of this fact may be 
had with the present arrangement at Cal- 
averas. In order to reduce interruptions 
to a minimum, duplicate units have been 
installed, so that should work be discon- 
tinued for any reason the crew can be im- 
mediately moved to another location. Two 


pits at the same elevation and the same dis- 
tance from the dam are used alternately. 
One of these pits is composed of about 65 
per cent clay and 35 per cent shale rock. 
In the other these percentages are reversed. 
When using the first pit one pump is suffi- 


Pipes are removed- 


cient. If the second pit is used, a booster 
has to be cut in and the power is doubled. 

One of the problems encountered in the 
work was to reduce the wear on pumps and 
pipes. The velocity of the water and the 
character of material which it carries are 
the factors that affect the life of the car- 
riers. Although a high velocity is desirable 
to secure the maximum carrying power of 
the water, it was found that the minimum 
velocity in the pipe lines which would keep 
the material in suspension caused the least 
wear on the pipes, and although the output 
was decreased the resulting unit cost was 
lower. With the installation described this 
critical velocity was 12 ft. per second. On 
an average the water carries 8 per cent of 


- its volume of material. 


WEAR AT BOTTOM OF PIPES 


Ali the wear takes place on the bottom 
third of the pipe circumference. This fea- 
ture is so pronounced that the coating on 
the interior of the line is not disturbed on 
the top two-thirds of the circumference 
even when the plate at the bottom is worn 
through. High-carbon steel pipes are now 
being tried, and the result has justified the 
slight increase in initial cost. The pipes 
are turned twice during their life, allowing 
full use to be made of the metal. 

The runners or impellers in the pumps 
are subject to excessive wear. A worn-out 
runner means an idle crew for half a shift 
while it is being replaced. Three kinds of 
material have been used—cast iron, cast 
steel and manganese steel. Manganese- 
steel runners cost about six times as much 
as cast iron; but the cost per cubic yard 
was cut almost in two by the use of the 
former. In some cases it was found that 
the manganese-steel runners wore uneven- 
ly, becoming unbalanced and creating ex- 
cessive vibration of the pump. 

The yardage handled through the life of 
a runner varies with the character of the 
material pumped. It has varied from 
30,000 with sand and gravel to 200,000 with 
excessive clay and soft shale rock. 


REMOVAL OF WATER FROM POND 


During the first year of sluicing the ex- 
cess water in the pond was allowed to flow 
out through a vertical pipe in the’ center 
leading to the culvert. To give this pipe 
stability a double line was used, consisting 
of a 16-in. pipe set inside of an 18-in. pipe, 
the space between the two being filled with 
cement grout. It was found that as the 
length of this pipe increased it was sus- 
ceptible to the movement of the clay core, 
and this scheme was abandoned and the 
pipe filled with concrete. 
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THE DAM IS BEING BUILT MAINLY BY HYDRAULIC METHODS, BUT A SMALL PART IS BEING PLACED BY STEAM SHOVEL 
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GIANTS DIRECTED AGAINST THE TOE OF THE BORROWPIT BANK UNDERMINE THE MATERIAL AND CAUSE IT TO CAVE IN 


Two trenches 4 ft. wide were cut through 
opposite ends of the upstream toe and bot- 
tomless flumes constructed of 1-in. boards 
with 4 x 6-in. posts and 2 x 4-in. spreaders. 
Excess water from the pond is allowed to 
flow out through the box which is farthest 
from the point where the pipes are dis- 
charging, and runs down the slope of the 
dam, which is riprapped up to the outlet to 
prevent erosion of the slope. To raise the 
level of the pond, rock and gravel are 
dropped into the cut to the required height 
for the width of the dry toe. The amount 
of clay contained in the discharge from the 
pond varies from 0.1 to 2 per cent. This 
depends on the relative amounts of ma- 
terial delivered, clay sometimes being 
wasted in order to maintain the proper re- 
lation between the dry toes and the clay 
core, to insure the stability of the struc- 
ture. 


PARTIAL CHANGE IN CONSTRUCTION 
METHOD 


It developed after the beginning of hy- 
draulic operations that the available ma- 
terial contained an excess of clay, and that 
it would be necessary either to waste this 
excess or to add coarse material by other 
means. A sandstone bluff opposite the 
downstream toe suggested the use of steam 
shovels and the deposition of this material 
on the outer slopes of both toes. Work was 
started early in 1915 with two steam shov- 
els, the material being transported with 
wagons. This has resulted in a substantial 
increase in the width of the dry toes and 
has allowed sluicing to be carried on at a 
greater rate of speed, through eliminating 
the necessity for wasting in the pond dis- 
charge any of the clay core. 

In order to secure storage during 1916, 
it was. decided that, to obtain the maximum 
height of dam with the yardage to be de- 
posited in the time intervening before the 
runoff period began, the lower toe should 
be moved toward the center a distance of 
150 ft. This was done, leaving a bench 
between the final slope location and the 
temporary toe, which will be filled by 
steam-shovel ‘work in the-sandstone. This 
is now being done by contract, using a 
Model 65 Marion shovel and 15-yd. air- 
dump cars. The contract covers the placing 
of 375,900 cu. yd. of sandstone, this amount 
contemplating a fill varying from 150 ft. 
in thickness at the present elevation to 60 
ft. within 40 ft. of the crest of the dam. It 
is the intention to continue placing sand- 


stone on the upstream toe, unless future 
borrowpits develop an excess of rock and 
coarse material. 

Monthly tests are made of the clay core 
by taking samples of the fill at 10-ft. in- 
tervals. A 144-in. pipe with a wooden plug 
in the lower end is forced down to the point 
at which the sample is to be taken. The 
plug is tapped out by means of a rod put 
down inside of the pipe, and the plastic 
clay presses into the end. It is impossible 
for four men to force the pipe any deeper 
than 60 ft. At a depth of 60 ft. below the 
pond surface a practically constant relation 
of 75 per cent of clay and 25 per cent of 
water by weight is found. 

In addition to this quantitative test a 
traverse of the pond between the upper and 
the lower toe is also made, in order to as- 
certain the relative compactness of the fill. 
This traverse is made by forcing a pipe as 
far down as possible into the fill at 50-ft. 
intervals. The comparison between the 
periodical depths and distances from the 
edge of the pond are indicative of the con- 
solidation of the mass. 


LABOR AND CosT CONDITIONS 


Comparatively few men are employed on 
the sluicing units. Two units are working 
two shifts each and the total number of 
men per unit per shift is fifteen, making 
sixty altogether. When it is considered 
that an average of 3600 cu. yd. of material 
per day is transported a distance of 3000 
ft. with a crew of this size, the advantage 
of this method of excavating and placing 
fills is evident. With the single exception 
of the relative quantity and quality of the 
fill, nothing is left to the judgment of the 
engineer. 

The cost of excavating and placing fills 
by the hydraulic method depends as much 
on the character of the material as on the 
cost of labor, material and power. The 
relative coarseness of the material affects 
the head upon the pumps. The direct cost 
of sluicing the first million cubic yards of 
fill was about 25 cents per cubic yard. This 
is the bare cost of the work and includes 
only the expense of pipes, pumps, motors, 
belts, power and labor used directly on the 
sluicing work. No interest, overhead, 
superintendence, insurance or the prorated 
auxiliary costs of clearing the reservoir 
site, building and maintaining roads, trails, 
camp, etc., are included in this figure. In 
this connection it must be borne in mind 
that the work accomplished so far has been 


on the base of the dam, and that as the 
height is increased the unit cost of placing 
the sluiced fill will also increase. 

It is estimated that the dam will be com- 
pleted in 1918. 

The work is being carried on by the 
writer as engineer of the Spring Valley 
Water Company, with William Mulholland 
as consulting engineer. T. W. Espy is resi- 
dent engineer in charge of the construction. 


Deflections Obtained by 


Means of Level Bar 


H. F. Moore and W. M. Wilson Report Method 
of Using Micrometer Screw at End of Level 
Bar to Measure Beam Deflection 


MONG various forms of deflectometer 
used in the series of tests of I-beams 
and built-up girders reported by H. F. 
Moore and W. M. Wilson in Bulletin 86 of 
the Engineering Experiment Station, Uni- 
versity of Illinois, the most convenient was 
found to be the level bar and micrometer 
apparatus illustrated herewith. 
The point A of the instrument is set on 
the beam over the end bearing, and the 
point B at the end of a micrometer screw M 


LEVEL BAR MEASURES DEFLECTION 


is set at mid-span. With zero load on the 
beam the micrometer is adjusted by rais- 
ing or lowering the point B until the level 
bubble L is centered. With any given load 
on the beam the same process is repeated, 
and the difference between the micrometer 
readings gives the deflection at mid-span. 
The point A is placed in a prick-punch hole 
and the point B in a cold-chisel mark on 
the flange of the beam. 

Since these tests were made, it is stated, 
a new form of level bar has been constructed 
according to the design of H. R. Thomas. 
The screw micrometer M is replaced by a 
leveling screw which actuates the plunger 
of a direct-reading dial gage micrometer. 
This later form is much quicker in opera- 
tion than the earlier one. 
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Much New Work Outlined for American 
Railway Engineering Association 


Board of Directors Announces Many Assignments for the Com- 
ing Year to the Nineteen Standing and Three Special Committees 


A SSIGNMENTS of work for the coming 
year for the nineteen standing and 
three special committees of the American 
Railway Engineering Association have just 
been announced in Bulletin 186 of the as- 
sociation. There are numerous new studies 
proposed, and in addition the committees 
are instructed to continue most of the in- 
vestigations already under way. The as- 
signments, in addition to one to each com- 
mittee directing it to make critica! exam- 
ination of the subject matter in the Man- 
ual, are as follows: 


Roadway.—Special reference in study 
of Manual to shrinkage or expansion of 
material placed in embankments by ordi- 
nary methods of railway construction and 
to settlement thereafter; also, revisions of 
recommendations relating to steam-shovel 
work and roadbed cross-sections. 

Unit pressures allowable on roadbeds 
of different materials, co-operating with 
special committee on stresses in railroad 
track. 

Prevention and cure of water pockets in 
roadbed. 

Advisable slopes for rock cuts 40 ft. or 
more high. 

Advisable widths for newly constructed 
roadbed on embankments 50 ft. or more 
high. 

Advantages and disadvantages of track 
elevation and track depression in cities 
where many street crossings make it neces- 
sary to change grade of railway. Advan- 
tages and disadvantages in depressing or 
elevating streets where few crossings are 
to be eliminated with but slight changes in 
grade of tracks. 

Effect of fast trains on cost of main- 
tenance of way and cost of equipment. 


Ballast.—Ballast sections, with particu- 
lar reference to use of sub- and top-ballast. 
Define sub- and top-ballast. 

Proper depth of ballast of various kinds 
to insure uniform distribution of loads on 
roadway, conferring with special commit- 
tee on stresses in railroad track and com- 
mittee on roadway. 

Methods and cost of applying ballast, 
with special reference to: (a) Organiza- 
tion of most economical ballast gang of 
railway company forces; (b) use and lim- 
itation of mechanical tools, such as the 
pneumatic tamper and spreader for form- 
ing shoulder and path; (c) application by 
contract. 

Comparative merit of different stones 
and gravel and other materials for ballast. 


Ties.—Effect of design of tieplates and 
track spikes on durability of crossties. 

Specifications for cross and switch ties 
(a) when used without preservative treat- 
ment, (b) when to be used with a preserva- 
tive liquid. 

Trials of metal, composite and concrete 
crossties, and results to date. , 

Future timber supply for ties, both do- 
mestic and foreign. 


Rail.—Special attention in study of Man- 
ual to rail designs recently adopted, and to 
specifications for carbon-steel rails and 
joint bars. 


Annual statistics of rail failures and con- 
clusions therefrom. 

Effect on rail of defective equipment and 
improper maintenance. 

Special investigation of rails. 

Track bolts and nutlocks. 

Details of manufacture and mill practice 
as they affect rail quality. 

Joint bars from standpoint of aesign and 
material, together with laboratory tests, 
including strain-gage measurements, after 
having established uniform method for 
comparative testing. 

Relative value of material for joint bars, 
quenched only versus quenched and tem- 
pered, and whether most advantageous to 
quench in oil or water. 

Rational relation between intensity of 
pressure due to wheel load and resistance 
of rail steel to crushing and deformation. 

Investigation and development of meth- 
ods of inspection. 

Federal and state commission rulings. 


Track.—Economics of track labor. 

Specifications and designs for cut and 
screw spikes. 

Guard rails and flangeways and effect of 
increase of 14-in. thickness of wheel flanges. 

Typical and detail plans of turnouts, 
crossovers, slip switches and double cross- 
overs, including tieplates, rail braces, riser 
plates, etc., conferring with committee on 
signals and interlocking. 

Design of and specifications for man- 
ganese frogs and crossings. 

Reduction of tapered tread of wheel to 
1 in 38 and on canting rail inward. Confer 
with committee on M. C. B. Association 
with view of reducing allowable limit for 
flat spots on freight-car wheels. 

Test of tieplates subject to brine drip- 
pings. 

Limit of rail-head wear on curves. 

Specifications for relayer rail for various 
uses, 

To what extent frog and switch designs 
recommended by association are being used 
by railways. 

Definition of “main track.” 


Buildings.—Special reference to appro- 
priate definitions in study of Manual. 

Coaling stations. 

Freight and passenger station scales. 

Ash pits. 

Classification of buildings on basis of 
“Specification-Types.” Use of “cubic- 
foot,” “square-foot,” and “bill-of-particu- 
lars” method for ascertaining approximate 
cost of new construction. 

Safety-tread devices for stations exposed 
to the elements. 

General subject of roadway buildings. 

Design and merits of high and low plat- 
forms at passenger stations. 

Design of shop buildings. 

Comparison of umbrella versus butterfly 
sheds at through stations. 


Wooden Bridges and Trestles.—Design 
of dock and wharves, including floors; coal 
and ore wharves. 

Comparative merits of ballast-deck and 
reinforced-concrete trestles, taking into 
consideration design of ballast floors for 
timber trestles. : 


Lagscrews in trestle construction. 

Classification of wooden bridges. 

Merits of galvanized-iron fastenings for 
timber trestles as compared with plain iron 
and steel fastenings, especially in relation 
to their use on creosoted structures. 


Masonry.—Cost and method of construct- 
ing concrete piles; how and where to be 
used. Additional typical designs for con- 
crete piles for different loading and rules 
for driving under various conditions and 
loading. 

Cost, appearance and wearing qualities of 
various methods of surface finish for con- 
crete. 

Typical designs of foundations for piers, 
abutments, retaining walls and arches in 
various soils and depth of water (not in- 
cluding pneumatic foundations). 

Principles of design of plain and rein- 
forced retaining walls and abutments. 

Results of work with joint committee on 
standard specifications for cement. 

Results of work with joint committee on 
concrete and reinforced concrete. 

Wisdom of use of blast-furnace slag in 
reinforced-concrete work, taking into spe- 
cial consideration its probable duration. 


Signs, Fences and Crossings.—Special 
consideration in study of Manual to flange- 
ways, both when street or highway is and 
is not occupied by street or interurban rail- 
way tracks. 

Signs; principles of design and rules for 
their use. 

Concrete fence posts. 

Reduction of number of roadway signs 
and adoption of standard signs for general 
use as far as possible. In collaboration 
with committee on signals and interlocking, 
design of suitable day and night (if neces- 
sary) marks or signs for switch signals, 
derail switches, stop posts, slow posts, 
resume-speed posts, water station and 
track-pan markers, highway crossing sig- 
nals, etc. Also location of signs, having in 
mind matter of safety of employees obliged 
to use roadway. 

Legal requirements relative to provision 
of fences for right-of-way and of stock- 
guards. 

Classification of fences into types. 

Comprehensive study of crossings: 

(a) Grade crossings: Crossing gates, sig- 
nal bells, warning signals, watch houses. 

(b) Overgrade crossings: Laws of the 
various states which affect distribution and 
cost between carrier and public; economic 
design of overhead bridges to meet require- 
ments of public-service commissions and 
other governmental bodies. 

(c) Undergrade crossings: The same. 


Signals and Interlocking.—Economics of 
labor in signal maintenance. 

Problem of signaling single-track roads 
with reference to effect of signaling and 
proper location of passing sidings on ca- 
pacity of line. 

Specifications adopted by Railway Signal 
Association which warrant consideration, 
conferring with committee on track on any 
appliances affecting track. 

Requisites for switch indicators, includ- 
ing method of conveying information as to 
condition of block to conductor and engine- 
man. 

Desirability of having overlap in auto- 
matic signaling; if so, is it best to have 
two stop indications between trains or two 
caution indications instead, or the latter in 
special cases only, such as down-grade 
tracks? 
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Various methods of giving signal indica- 
tions other than by means of semaphore. 

Feasibility of separating into distinct 
types of their own (1) signals for train 
operation and (2) markers or signs which 
indicate the location or position, or both, 
of information signs and switch signals 
for conveying information to trainmen. 
(1) The semaphore is now almost univer- 
sally used for governing train operation, 
therefore (2) design suitable day and night 
(if necessary) markers or signs for switch 
signals, derail switches, stop posts, slow 
posts, resume-speed posts, water station and 
track-pan markers, highway crossing sig- 
nals, etc., conferring with committee on 
signs, fences and crossings. 

Signal schemes presented to association. 
State specifically for what purpose each 
aspect and indication shall be used and 
what action on part of engineman is re- 
quired. 

Automatic train control. 

Comparative merits in various locations 
of alternating current and direct current 
for operation of automatic signals. 

Applications of aspect for instructions to 
trains to take siding at non-interlocked 
switch. 


Records and Accounts.——Small forms on 
cardboard or other suitable material for use 
of field men in making daily reports. 

Interstate commerce classification of “In- 
vestment in Road and Equipment” and 
“Operating Expenses.” Any desirable 
changes. 

Various methods of reproducing maps 
and profiles on tracing linen for permanent 
record. 

Recording and reporting cost of additions 
and betterments. 

Specifications for maps and profiles, co- 
ordinating with previous work of associa- 
tion. 

Valuation forms now in use. Recom- 
mend forms for both field and office use. 


Rules and Organization—Manual of in- 
structions for guidance of engineering field 
parties. 

Science of organization. 

Manual of rules for guidance of em- 
ployees of maintenance-of-way department. 


Water Service.—Design and _ relative 
economy of track pans from an operating 
standpoint. 

Method for rejuvenating driven wells; 
cost and success, as compared with driving 
new wells. 

Various type of well strainers in use and 
service secured from each. 

Methods for complying with federal reg- 
ulations in regard to purity of drinking 
water supplied to public and employees on 
interstate trains. 

Design of impounding reservoirs, and 
conditions under which they are economical. 

Relative merits of continuous and inter- 
mittent water softeners. 

Rules or examination questions for care 
for boilers in pumping stations. 


Yards and Terminals——Handling of 
freight in double-deck freight houses and 
cost of operation. 

Typical situation plans for passenger sta- 
tions and approaches; methods of their op- 
eration. 

Classification yards. 

Track-scale specifications. 

Suitable profile for hump yards. 


Tron and Steel Structures.—Methods of 
protection of iron and steel structures 
against corrosion. 
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Relative economy of various types of 
movable bridges. 

Secondary stresses and impact. 

Column tests. 

Design, length and operation of turn- 
tables. 

Construction of ballast-floor bridges and 
methods in use for waterproofing same. 


Economics of Railway Location.—Special 
consideration in study of Manual to revi- 
sion of conclusions in Vol. 16, pages 104 to 
109. ; 

Resistance of trains running between 35 
and 75 miles per hour. 

Effect of curvature on cost of mainte- 
nance of way, and on maintenance of equip- 
ment. 

Effect of train resistance on amount of 
fuel consumed. . 

After study of effect of various physical 
characteristics of railroad locations upon 
their economy of maintenance and opera- 
tion has been made, if possible to do so, 
state conclusions derived in a formula or 
series of formulas which can be used by 
engineers in determining efficiency of vari- 
ous locations. 

Entire question of economics of location 
as affected by introduction of electric loco- 
motives. 

Extent locating engineer is justified in 
making additional expenditure in getting 
nearer to medium-size centers of popula- 
tion already in existence in territory where 
road is to be built. 


Wood Preservation.—Water in creosote. 


Relation of amount of preservative and 
depth of penetration to resistance of mate- 
rials against decay, and also penetration of 
preservatives. 

Service tests records, to include structu- 
ral timbers. 

Drying process in wood preservation. 

Methods of accurately determining ab- 
sorption of creosote, and temperature in 
creosoting process. 

Results of exposure tests of material 
treated with water-gas tar. 

Electricity Clearances of third-rail and 
overhead structures, conferring with other 
committees. 

Electrolysis and insulation; effect upon 
reinforced-concrete structures. 

Maintenance organization and relation to 
track structures. 

Proper type of overhead catenary con- 
struction, with particular reference to con- 
sideration of providing clear vision for sig- 
nals, co-operating with committee on sig- 
nals and interlocking. ; 

Water power for electrical railway oper- 
ation, in collaboration with committee on 
conservation of natural resources. 

Recommended practice for eliminating, 
as far as practicable, interference with tele- 
phone and telegraph circuits caused by use 
of 25-cycle propulsion circuit. 

Interference with telegraph and_ tele- 
phone circuits caused by use of direct-cur- 
rent propulsion circuit, and methods of 
eliminating this effect as far as practicable. 

Co-operation with national joint commit- 
tee on electrolysis and national joint com- 
mittee on overhead and underground line 
construction. 

Conservation of Natural Resources.— 
Tree planting and general reforestation. 

Developments in methods of lumbering 
and forestry tending to prolong timber sup- 
ply. 

Statistics on extent of use of treated 
timber and of permanent materials to re- 
place untreated timber and bare steel. 
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Conservation and utilization of water 
power for railway purposes, conferring 
with committee on electricity. 

Coal, fuel-oil, timber, iron and steel re- 
sources. 

Relation of railways to different con- 
servation projects; work done by each com- 
pany up to present time. Policies econom- 
ical for railways to follow. 


Uniform General Contract Forms.— 
Forms of agreement for industry tracks. 

Forms of agreement for interlocking and 
railway crossings, conferring with commit- 
tee on signals and interlocking, including 
rights and obligations of interested com- 
panies. 

Form of agreement embodying rules gov- 
erning construction of undercrossings of 
railways with electrical conductors, con- 
duits, pipe lines and drains, conferring with 
committees on roadway and electricity. | 

Form of leasing agreement for industrial 
site. - 

Grading of Lumber.—Classification and 
grading rules for all lumber and timber 
used in. construction and maintenance-of- 
way department of railways. 

Specifications for construction timbers 
and building lumber. 

Stresses in Track.—No new assignments. 


PERSONNEL OF COMMITTEES 


A number of the committees have been 
enlarged. Those receiving the greatest 
number of new members are the commit- 
tees on roadway, buildings, wooden bridges 
and trestles, water service, and economics 
of railway location. John D. Isaacs be- 
comes chairman of the rail committee. 
G. J. Ray becomes chairman of the commit- 
tee on track, and is succeeded as vice-chair- 
man by H. R. Safford. F, L. Thompson 
is made chairman of the committee on ma- 
sonry, and is succeeded as vice-chairman 
by J. J. Yates. Arthur Crumpton becomes 
vice-chairman of the committee on signs, 
fences and crossings. C. Dougherty is made 
chairman of the committee on rules and or- 
ganization. D. J. Brumley becomes vice- 
chairman of the electricity committee. R. C. 
Young is made chairman of the committee 
on conservation of natural resources and is 
succeeded as vice-chairman by Prof. 8. N. 
Williams. 


Asphalt Industry, as a Whole, Prospered 
in 1915 , 


The asphalt industry, as a whole, was. 
prosperous in the year 1915, according to 
the U. S. Geological Survey. The natural 
asphalt produced and sold at mines and 
quarries in the United States in 1915 
amounted to 75,751 short tons, valued at 
$526,490. Though this quantity was 5 per 
cent less than the output in 1914, the sales 
of manufactured asphalt derived from 
petroleum of domestic origin show a gain 
of 84 per cent over the quantity sold in 
1914. The total sales of manufactured 
asphalt amounted to 664,503 short tons, 
valued at $4,715,583. In addition to this out- 
put, refiners in the United States made and 
sold 388,318 short tons of asphalt, valued at 
$3,730,436, that was derived from petroleum 
imported from Mexico. Statistics compiled 
under the direction of J. D. Northrop show 
that, of the quantity of manufactured 
asphalt derived from domestic petroleum in 
1915, a total of 417,859 short tons, valued 
at $2,393,576, was marketed as road asphalt 
and flux, and 246,644 short tons, valued at 
$2,323,007, marketed as residual pitch, was 
used chiefly for paving. 
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Concrete Arch Rib Supported 
While Section Is Cut Out 


Steel Centering and Jacks, Adjusted Under 142- 
Foot Span in Cleveland Bridge, Prevent 
Relative Motion 


NE of the steel arch centers was re- 
QO centiy re-erected to support 300 5-ton 
screwjacks which held up the two sections 
of the north rib in the sixth span of the 
Detroit-Superior Bridge in Cleveland while 
an 11-ft. block was cut out of the rib and 
replaced. This support was so perfect that 
no relative movement of the two parts of 
the rib was observed during the repair 
work. 

The section replaced, shown on the ac- 
companying drawing, contained a horizon- 
tal crack resembling a shear crack extend- 
ing through the rib from side to side, which 
had opened to a width of less than a knife 
blade. 

Theoretically, this section of the rib is 
subject only to direct compression, and on 
four of the ribs in the entire structure the 
reinforcing was omitted on each side for 
the distance shown in the drawing. Small 
vertical tension cracks developed at one or 


plemented by reinforcing of the hooped- 
column type. The section was poured on 
July 29 and the spandrel column was poured 
at the same time, thus providing a sufficient 
head to prevent shrinkage in the arch rib 
section. 

The repair, which, as well as the condi- 
tion that necessitated it, is believed to be 
unique, was carried out by the Hunkin- 
Conkey Construction Company, of which 
Harold E. Ketchum is superintendent. It 
is building the viaduct sections of the 
bridge for Cuyahoga County. The work 
was done under the immediate supervision 
of A. W. Zesiger, bridge engineer, and K. D. 
Cowen, resident engineer for the county. 


Annual Report Discusses 


Manhattan Pavements 


Chief Engineer Stern of Highway Bureau Re- 
cords Certain Changes in Specifications— 
Mortar Bed Adopted for Granite Block 


N outlining last year’s activities of the 
Bureau of Highways of the Borough of 
Manhattan, New York City, Eugene W. 
Stern, chief engineer, in his annual report 
for 1915, just made public, discusses the 
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ARCH RIB OF 142-FOOT SPAN SUPPORTED WHILE SECTION 11 FEET LONG WAS REPLACED 


more points on each of these ribs at the 
upper edge in the sections where the rein- 
forcing had been left out, but in this one 
rib, in addition to the tension cracks, there 
developed the horizontal crack referred to. 
This crack, which was below the end of the 
upper reinforcing steel, and into which the 
tension crack extended, increased until it 
was 8 ft. long after it made its first appear- 
ance this spring. 


ENTIRE SECTION REMOVED 


As the crack occurred before the deck 
had been constructed, it was found best to 
take out a section 11 ft. long and replace it 
with new reinforced concrete. Three of 
the arch centers were re-erected under the 
rib, and 300 screwjacks of 5-ton capacity 
were set in 18 groups under the rib. The 
load on each group was carefully calculated, 
and only enough jacks of each group were 
tightened to take up the strain. This 
method was successful in preventing any 
relative displacement of the two halves of 
the rib. The old concrete was, in fact, cut 
away until only a section the size of a man’s 
finger remained joining the two portions of 
the rib without any movement becoming ap- 
parent. Cutting was started on July 19. 
The concrete proved exceedingly hard, and 
eighteen consecutive shifts were required 
to remove the section with air hammers. 

A form was then built around the rib, the 
old reinforcing being left in place and sup- 


merits of various types of pavement and 
calls attention to several changes in speci- 
fications and construction methods which 
are said to have improved the general qual- 
ity of the work on the city’s streets. Gran- 
ite, Mr. Stern says, gives the best results 
for heavy-traffic business streets; sheet 
asphalt for light-traffic streets and those 
thoroughfares on which the traffic, although 
comparatively heavy, is confined largely to 
moderate weight vehicles on rubber-tired 
wheels; and wood block for streets with 
heavy traffic where it is essential to have 
quiet on account of schools, courthouses, 
high office buildings, etc. 


CONCRETE BASE 


In recent years all pavements have been 
laid on a 6-in. concrete base, and the ques- 
tion is often raised as to the desirability of 
increasing this depth on account of heavy 
traffic and to provide sufficient strength in 
the base to span settlements, cave-ins and 
shrinkage in the subgrade. Investigation 
of the failures in concrete foundation in 
New York, according to the report, shows 
that unless there is reason to believe that 
the subgrade is a recent fill, 6 in. is ade- 
quate and is able to support the pavement 
under normal loads. 

The policy of providing all main thor- 
oughfares and the better class of residence 
streets with granite curbing and less im- 
portant streets with bluestone has been 


continued. All corner curbs and headers 
are of granite. 

The changing of curb corners from 6-ft. 
to 12-ft. radii, Mr. Stern believes, has 
proved to be of such great advantage that 
the practice has been continued and is re- 
quired wherever the curb is disturbed by 
repaving, building operations or sidewalk 
renewals. 

The introduction of basins and inlets 
away from the corner at the building line 
has been continued with resultant improve- 
ment in drainage, dry crosswalks, shal- 
lower gutters and the abolition of the old 
corner receiving basin with its gaping jaws 
and offensive odors. 

The co-operation of the taxpayers was 
invited by means of announcements in the 
newspapers and by the placing of signs 
along all the streets to be paved, informing 
the public of the fact and asking the prop- 
erty owners to examine their water, sewer 
and lighting connections in order that the 
necessary repairs might be made while the 
street was under reconstruction. 


SPECIFICATIONS 


On the subject of specifications Mr. 
Stern presents the following information: 

The 6-in. concrete foundations under all 
types of pavement laid in 1915 consisted of 
1 part Portland cement, 3 parts sand and 6 
parts broken stone. 

Great care has been given to the prepara- 
tion of the subgrade, and very close atten- 
tion has been paid to the composition and 
mixing of concrete for the base. Mixing 
must be done in a revolving batch mixer, 
20 revolutions as a minimum being speci- 
fied and insisted on. 

Granite Block.—Until recently sand has 
been used exclusively as a bed under gran- 
ite pavements. Experience has proved that 
where openings had been made, there were 
places where water would percolate, caus- 
ing a sinking of the blocks into the sand 
bed. This also happened where the crown 
of the pavement, being flat and slightly un- 
even, was prevented from draining off 
promptly. To obviate the formation of 
these depressions a mortar bed, consisting 
of 1 part Portland cement to 3 parts sand, 
has been substituted for the sand cushion. 
This has proved entirely satisfactory, and 
the resulting improvement, in Mr. Stern’s 
opinion, has fully demonstrated that the 
change was justified. 

For some time it has become apparent, 
the report states, that the paving pitch for 
filling the joints, made of coal tar, was not 
giving satisfaction. At the end of even one 
year the joints would not remain filled. 
This was due to the fact that in warm 
weather the coal-tar filler would soften and 
leave the joints, and in cold weather it 
would chip out. When the joint does not 
remain filled, the paving blocks will quickly 
wear round on the edges and soon a noisy, 
rough pavement will be the result. 

To improve this condition, early in the 
year 1915 asphaltic joint filler was adopted, 
for the reason that it had greater tenacity, 
was less brittle in cold weather and not so 
soft in warm weather. A comparison of 
those streets laid last year with asphaltic 
and coal-tar filler proves conclusively the 
superiority of the former, according to Mr. 
Stern. 

The granite-block pavement is laid on a 
6-in. concrete foundation, over which is 
spread a ‘l-in. mortar bed. The blocks 
measure from 6 to 10 in. in length, 31% to 
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4% in. in width and from 4%4 to 544 in. 
in depth. They must show no irregulari- 
ties on the head of the block more than 14 
in., measured from a straight edge. The 
blocks are laid stone to stone, and the joints 
must not exceed % in. in width. They are 
then rammed to a firm bearing. The use of 
pinch bars is not permitted in the back- 
ramming. A mixture of fine sand and pav- 
ing pitch is poured into the joints until 
full. 

set Block.—To avoid bleeding, the 
blocks, besides the ordinary treatment when 
being creosoted, have a final steaming and 
vacuum treatment, and the amount of oil 
has been reduced from 18 to 16 lb. To 
avoid bulging of the pavement, expansion 
joints have been provided along the curb. 

»A bituminous filler is used in the joints 

between the block. 

The blocks under the revised specification 
are 4 in. wide by 4% in. deep, and vary in 
length from 8 to 12 in. The foundation is 
6-in. concrete, over which is spread a 14-in. 
mortar bed. 

Sheet Asphalt Pavement.—No substan- 
tial changes have been made in the asphalt 
specification. The penetration has been low- 
ered, varying from 30 to 40, depending on 
the traffic conditions, etc. It is believed 
that this will prevent the waves and rolls 
which the softer asphalt developed under 
intense automobile traffic. The sheet 
asphalt pavement consists of 11%-in. close 
binder course laid on a 6-in. concrete 
foundation. Over the binder is placed a 
114-in. top coat or wearing surface. It is 
then thoroughly rolled until satisfactory 
compression is obtained. 


ASPHALT-BLOCK REPAIRS 


On the subject of repairs to asphalt-block 
pavement Mr. Stern makes this statement: 
“There were in the borough on Jan. 1, 1915, 
40 miles of asphalt blocks out of guarantee, 
and early in 1915 it was decided to make 
repairs to these pavements with sheet 
asphalt, instead of with asphalt block. The 
result of our experience during the season 
has proved that it is much more satisfac- 
tory, and also cheaper, than to make re- 
pairs with asphalt blocks, as a smoother 
surface can be obtained owing to the fact 
that the asphalt blocks were uneven and 
with sheet asphalt the patch is rolled down 
to conform with the adjoining pavement.” 


Improper Inlets Damage 


Drainage Ditches 


Scour at End of Culvert Prevented by Head 
Wall—Cattle Guards in Place of Fences 
Permit Free Passage of Driftwood 


INIMUM maintenance cost of ditches 
in the Little River Drainage District 
of Missouri is sought by instructing the 
abutting property owners through a quar- 
terly bulletin how to build bridges that will 


60d 4"c.toc. 


of galvanized-iron pipe ending in a head 
wall about 3 ft. wide and extending at least 
18 in. below the bottom of the ditch. 

An obstructing fence is also shown with 
driftwood piled behind it, which, in time of 
high water, will cause excessive cutting of 
the section at some point and a silt deposit 
for many feet upstream. A cattle guard 
of the type illustrated is recommended. 

For bridges over ditches with 4 to 10-ft. 
base widths the district recommends two 
bents of piling driven half way up the 


PART PLAN 


DRAINAGE-DITCH CATTLE GUARD ALLOWS DRIFTWOOD TO PASS THROUGH 


not break down the banks or fall into the 
ditch, and to construct proper inlets and 
cattle guards. The shoaling and under- 
cutting due to an entering ditch without 
any special provision is illustrated in one 
of the photographs. The standard tile in- 
let of the district consists of a 16-ft. length 


THIS FENCE HOLDS DRIFTWOOD AND TH POQLED WATER BEHIND DEPOSITS SILT 


slopes and mud sills back about 8 ft. from 
the top edge of the slope. On these are 
placed four 14 x 14-in. stringers for the 
planking. William A. O’Brien, chief engi- 
neer of the district, supervises the work. 


HEAD WALL WOULD PREVENT UNDERCUTTING 
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Perform All Work for Double-Deck Sewer . 
from Five Mounted Platforms 


Milwaukee Interceptors for Gravity and Pressure Flows Built 
in Soft Material with Few Men and Maximum of Equipment 


IVE portable platforms straddling the 

sewer trench handle all the different 
operations in the construction of the inter- 
cepting sewer on the east side of the Mil- 
waukee River. A 60-in. cast-iron pipe is 
laid on top of a concrete conduit supported 
on 30-ft. wood piles. Each platform runs 
on the same set of rails, 16 ft. apart, and 
the work is so bunched that only about 375 
ft. of street from pavement to completed 
backfill is open at one time. 

On platform 1 is a Vulcan steam ham- 
mer with which the 25-ft. Lackawanna steel 
sheet piling is driven on each side. This 
is done after the sandstone block pavement 
has been removed. Although the blocks 
were laid with cement joints, the courses 


the blow. For this reason it was possible 
to break the base rapidly and in a straight 
line close to the limit of the pavement cut. 

Platform 2 has a derrick frame and 
boom and operates a 1%-yd. Owens clam- 
shell bucket. Excavated material is de- 
posited in 5-yd. dump cars running on a 
narrow-gage track 5 ft. west of the plat- 
form track or onto a 10-ton Foden steam 
wagon. The narrow-gage track runs back 


to the backfill trench and beyond to the 
end of the street to a dock, where the ma- 
terial is dumped into a pit, from which a 
clamshell bucket, operated by an A-frame 
derrick, loads it on a scow, which is dumped 
5 miles out in the lake. 

Platform 3 has a pile driver with 114-ton 


STEEL FORMS IN SECTIONS 30 FEET LONG ARE USED FOR THE INVERTS 


were easily barred apart and the end stones 
broken in half with a hammer. The 6-in. 
concrete base was broken up with a 3000-lb. 
drop hammer, which seemed to punch 
through the concrete and not to crack it 
materially any distance from the area of 


PIPES ARE HANDLED AND PILES ARE PULLED 
FROM 25-FOOT GALLOWS FRAME 


drop hammer for driving, the wooden piles 
under the concrete conduit. These piles 
are driven to grade and are not cut off. 


MIXER SUSPENDED 


There is no house on platform 4, for the 
1/3-yd. Smith mixer is suspended and the 
aggregates are wheeled from the stockpile 
along the opposite side of the street onto 
the platform, which is about 3 ft. high 
above the ground level. Steam to operate 
the mixer engine is piped from platform 3 
ahead. 

The last platform carries a gallows frame 
25 ft. high and has a pair of 15-in. I-beams 
for a headblock, so that the trolley sup- 
port for the block and fall can be switched 
from one side of the trench to the other, 
to pull the piles or to handle the 60-in. 
pipe. The piles pull quite easily, as the 
material is fill for 10 ft. down and marsh 
mud for the remainder of the distance. 

Pressures are heavy and sets of 8 x 8-in. 
wales and 6 x 6-in. braces are set. The 
wales are 18 ft. long, and a brace is placed 
at the ends and middle, leaving about 8 ft. 
in the clear for removing the excavation. 

Little pumping is necessary, a 2-in. Nye 
steam pump in the sump fed from the tile 
underdrain and a pulsometer suspended 
from platform 3 being all that is required. 

Light for the night shift is provided by 
two Prest-O-Lite lamps on the back of the 


ALL WORK IS DONE FROM FIVE PLATFORMS 


concrete platform. Only excavation and 
pile pulling are attempted at night. 

The reinforcing rods for the invert are 
made into a mat in place and left on the 
plank base until the 30-ft. section of Blaw 
forms for this invert and 6 in. of the side 
walls have been pulled ahead from finished 
work to the new position. Then the mat is 
picked up and wired into its true position. 
The form is perforated to let out excess 
water from the concrete, which is mixed 
wet and chuted to place directly from the 
mixer. The reinforcing bars for the side 
walls are stuck in after the concrete has 
been placed and becomes sufficiently stiff 
to support them in an upright position. 
Steel forms are also used for the upper 
portion. 

The work is being carried out by Jen- 
rings & Ross of Montreal, for the Mil- 
waukee Sewerage Commission, of which T. 
Chalkley Hatton is chief engineer. George 
R. Young is resident engineer on this 
contract. 
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SEWER CONSISTS OF 60-INCH CAST-IRON PIPE 
LAID ON CONCRETE CONDUIT 
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Would Silt Cedar River Reservoir with Clay 
and Place Asphaltic Lining 


Consulting Engineers Stearns, Mulholland and Thomson and City Engineer 
Dimock Make Independent Recommendations for Seattle’s Leaking Basin 


LANS for sealing the Cedar River res- 

ervoir at Seattle, Wash., the storage 
basin from which large volumes of water 
have been escaping through subsurface 
channels and reappearing at the surface of 
the ground in the form of springs, have 
been recommended in independent reports 
submitted recently to City Engineer A. H. 
Dimock by three consulting engineers, Fred- 
eric P, Stearns of Boston, William Mul- 
holland of Los Angeles and R. H. Thomson 
of Seattle. The remedies suggested for 
making the reservoir watertight range from 
silting with clay to the placing of an im- 
pervious lining to consist either of con- 
crete or of a mixture of hot sand, gravel 
and asphaltic oil. In a communication sub- 
mitted to the City Council of Seattle, Aug. 
4, Mr. Dimock summarizes the reports of 
the three consulting engineers and also 
makes recommendations of his own. He fa- 
vors, as the initial step of the repair work, 
clearing the reservoir site, cutting down 
the banks and sluicing in clay. This pro- 
gram, it is estimated, would cost $410,000. 
If the basin should not be effectively sealed 
by this process he would place over a por- 
tion or all of it an asphaltic lining of a 
type developed by him in laboratory experi- 
ments. Such a lining, Mr. Dimock esti- 
mates, could be laid at a cost of $3,000 per 
acre. Digests of the consulting engineers’ 
reports, as presented by Mr. Dimock, and 
Mr. Dimock’s own findings, as submitted to 
the City Council, are given below. 


Mr. MULHOLLAND’S AND MR. STEARNS’ 
REPORTS 


The report of Mr. Mulholland states, sub- 
stantially, that Cedar Lake was formed 
originally by a great deposit of morainal 
material closing the valley. This material 
consists of sands and gravels overlying a 
base of coarse, angular rocks and wash 
boulders. Cedar Lake was undoubtedly 
much larger than at present and filled the 
basin to about the height to which it is 
proposed to raise it by the masonry dam— 
that is, to El. 1590. 

The basin, Mr. Mulholland believes, will 
not seal itself by natural means alone, but 
it may be made available for use by the 
following successive steps: 

(a) Clear away the stumps and débris, 
sluice down the steep banks to a flat slope 
and fill the bottom to a depth of 15 or 20 ft. 
This preliminary work should effect a 
marked improvement. 

(b) Sediment the bottom by pumping 
clay in suspension into the waters of the 
basin. This sedinientation will probably 
effect a permanent cure so far as the bot- 
tom of the reservoir is concerned. 

(ec) Protect the sides of the basin against 
seepage and wave action by constructing 
an impervious lining, preferably of some 
asphaltic preparation. 

In view of the large area involved 
and problems presented, it would be wise 
at the present time, according to Mr. Mul- 
holland, to limit operations to El. 1570, leav- 
ing the full elevation to. be attained at a 
later date after experience has been ac- 
quired by the use of the above methods. 

Mr. Stearns reports as follows: The lake 


at one time extended to El. 1580 or 1590. 
The bed of this ancient lake (that is to say, 
that portion of the new reservoir lying 
north of the north bank of Cedar River) 
may not require lining to make it reason- 
ably tight. Further experiments are sug- 
gested. to determine this point. 

The basin will not ever seal itself by nat- 
ural means alone. Some improvement may 
be effected by clearing, sluicing down the 
banks and filling up the bottom, but not 
sufficient to make the reservoir available 
for use. The reservoir, Mr. Stearns states, 
must be lined throughout with some im- 
pervious material. The experiments made 
by the City Engineer’s Department are 
leading in the right direction. The work 
should be limited at the present time to 
El. 1570. The penstocks should be raised 
above the lining before beginning work. 


Mr. THOMSON’S REPORT 


Mr. Thomson’s report does not discuss 
some of the preliminary questions gone into 
by Mr. Stearns and Mr. Mulholland, but 
enters at once upon the problem of making 
the reservoir available for use. He also 


recommends that work be limited for the - 


present to El. 1570. He then discusses 
fully the plans or methods for accom- 
plishing this result and gives detailed costs 
of each. These methods are as follows: 
(a) Sealing by the use of silt; (b) sealing 
by the use of some form of asphaltic appli- 
cation or composition; (c) sealing by the 
use of standard Portland cement concrete 
with applications of liquid asphalt; (d) a 
combination of some of the above methods. 

Mr. Thomson strongly prefers the silting 
method pure and simple, which he esti- 
mates will cost $445,800. If a lining is to 
be placed, he prefers a two-course concrete 
with an application of asphalt between the 
courses, which he estimates will cost, in- 
cluding the preliminary treatment of the 
basin, $1,241,600. 

Mr. Thomson suggests as an alternative 
to these two propositions the lining of the 
westerly half of the reservoir with two- 
course concrete and the silting of the east- 
erly half, at an estimated total cost of 
$829,200 


Mr. DIMOCK’sS STATEMENT 


It will be noted, Mr. Dimock’s report 
states, that these three reports substan- 
tially agree that the basin may be made 
available for use. They agree also that the 
first work to be done is to clear the basin, 
cut down the steep north bank to a flatter 
slope—filling up the bottom with the ma- 
terial so obtained—and then to sluice in 
clay. 

Mr. Mulholland has great faith in the 
virtue of clay for preventing leakage. His 
judgment was that a large body of clay 
might be obtained from the bed of Cedar 
Lake, and at his instance borings were 
made to ascertain this point. These bor- 
ings have shown the correctness of his con- 
clusion that large bodies of clay may be 
obtained from the easterly portion of the 
lake. Very. recently, however, the logging 
operations around the lake have disclosed 
the existence of a large body of practically 


pure clay lying on the sidehill above the 
lake. Preliminary investigations lead to 
the belief that this body of clay contains 
about 300,000 cu. yd. There are, therefore, 
fortunately, two sources from which to ob- 
tain cheaply the necessary clay, the pref- 
erable source being the bed lying above the 
lake. 

The reports vary, however, as to the 
amount of artificial lining to be required, 
Mr. Thomson believing that sealing by silt- 
ing will be sufficient and that an artificial 
lining will be unnecessary. Mr. Stearns, 
on the other hand, thinks it will be neces- 
sary to line the entire basin, and Mr. Mul- 
holland occupies an intermediate position, 
believing that it will be necessary to line 
the slopes only. ; 


IMPERVIOUS ASPHALTIC MIXTURE 


Mr. Dimock’s own investigations have led 
him to the firm opinion that the mere cut- 
ting down of the existing banks and re- 
arranging of existing material would not 
accomplish any material betterment of con- 
ditions. It was necessary, therefore, before 
proceeding with such work to determine 
whether or not an impervious lining could 
be applied successfully and economically to 
the large areas necessary to be covered. 

“Our laboratory experiments,’ Mr. Di- 
mock reports, “have demonstrated conclu- 
sively that such a lining can be made. These 
experiments show that by the use of fuel 
oil emulsions, or preferably of the heavier 
asphaltic oils mixed with hot sand,. gravel 
and dust in proper proportions, a material 
can be made which shows a greater degree 
of impermeability than ordinary concrete. 
Furthermore, a lining of this character will 
possess sufficient elasticity to adapt itself 
readily to slight settlements of the founda- 
tion and to changes of temperature. It also 
has sufficient stability to resist wave action. 
Preliminary estimates indicate that a lin- 
ing based on the use of a heavy asphaltic 
oil may be laid at an expense of approxi- 
mately $3,000 per acre. Even if experi- 
ence shows that it may be necessary to ap- 
ply this lining to the entire area of the new 
basin, the total cost will not be prohibitive 
—as Mr. Mulholland remarks, ‘when the 
great and everlasting benefits of this reser- 
voir are considered.’ 

“T concur in the supeeetione of the three 
consulting engineers that the work for the 
present be limited to El. 1570. The area 
of the reservoir south of the north bank | 
below El. 1570 is 190 acres. 

“I would recommend that sufficient funds 
be provided at this time to carry on the 
preliminary work of clearing, cutting down 
the banks and sluicing in clay. The esti- 
mated cost of this work is as follows:: 


Clearing 200 acres, at $200............. 40,000.00 
Grading, 1,500,000 cu. yd., os NZEthise we 80,000.00 
Silting, 300,000 cu. yd., at 200 ese ,000.00 


Rebuilding penstocks............22++405 65,000.00 


Raising overflow crest of dam to El. 1570 5, 7000. 00 
Engineering, superintendence and inci- 
dental’ expenses giivt.c cvs ee ieee ne 60,000.00 
id Wo) 2) er Mere atta io Ate PAs $410,000.00 


“When the work included in this estimate 
has been completed, and perhaps prior to’ 
its completion, it will be possible to de-. 
termine its efficiency and to decide just 
what additional measures—such as the 
placing of a lining over a portion or all of 
the basin—it may be necessary to take. It 
is possible that it may develop that the . 
lining of the entire basin may not be essen- 
tial, but I do not believe this can be accu- 
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rately foretold at this time and in present- 
ing the estimate it should be understood 
that the work contemplated is not expected 
to effect a complete solution of the problem 
which confronts us, but that it is an essen- 
tial preliminary and first step to any oper: 
ations which may be undertaken to secure 
a tight and usable basin, and that when this 
preliminary work has been done, funds 
must be provided to carry on and complete 
the work.” 


Bascule Bridge Survives 


Blow from Steamer 


Overhanging Bow of Seagoing Boat Strikes 
Open Span at Floorbeam 32 Feet Above 
Water and Displaces Lower Chords 


N UNUSUAL accident occurred to the 

Strauss bascule bridge over the Sabine 
Neches Canal at Port Arthur, Tex., when 
it was struck by a seagoing steamer last 
April. That the structure remained stand- 
ing, although badly warped by the severe 
impact of the blow, seems to be excellent 
evidence of the resisting power of this type 
of bridge against a force which no bridge 
is designed to withstand. The accompany- 


ing photographs indicate the extent of the . 


damages. 

The structure is a Strauss heel trunnion 
type of bascule bridge, taking its name 
from the fact that the main trunnions are 
located at the intersection of the bottom 
chords and end posts. The trunnion bear- 
ings are secured to the base of the tri- 
angular counterweight tower, footing on 
the piers. The main span of the bridge is 
105 ft. center to center of channel piers; 
six-panel through riveted Warren trusses, 
24 ft. apart on centers, provide a 21-ft. 
clear roadway and two 6-ft. clear sidewalks 
are carried on cantilever brackets. The 
roadway has 38-in. wooden planking sup- 
ported on steel stringers and provides for 
a double-track electric street railway, al- 
though only one track is in use. The side- 
walk planking is carried on wooden 
stringers. The counterweight tower is 
supported on four concrete piers, one under 
each corner of the tower base, built of 
concrete pile clusters of seven piles each, 
capped with a hexagonal block of concrete 
6 ft. deep, tied together transversely by a 


BENT LOWER CHORDS DAMAGED BY BOAT 


reinforced-concrete beam of the same 
depth and 2 ft. thick. The two piers at 
the channel line are protected by a timber 
fender, with two pile clusters at each end 
and a single row of intermediate piles. 


DETAILS OF ACCIDENT 


At the time of the accident the bridge 
was fully raised for the passage of the 
steamer “Splendor,” a 6000-ton gasoline 
carrier. In beginning its passage through 
the open bridge the steamer sheared off to 
the side, coursing diagonally across the 
stream, and the overhanging bow rammed 
the bridge almost broadside at the second 
floor beam, 32 ft. above the water level, 
displacing this point 7 ft. south and 5% ft. 
west, the canal running north and south. 
The bridge at this point did not overhang 
the vertical clearance line projected up 
from the face of the waling on the fender, 
but the forward overhang of the bow of 
the boat extended over the top of the fender 
when the boat was diverted from its course. 
After the accident, bracing timbers were 


BENT CHORDS SEEN BEYOND MAIN TOWER 


placed to strengthen the badly bent chords, 
and the upper end of the span, which over- 
hung about 16 ft. beyond the normal posi- 
tion, was guyed back with cables. The 
timber floor was then removed to lessen 
the effect of wind load. 

It is claimed by the designers that the 
separation of the counterweight from the 
leaf by means of the articulated connec- 
tions largely localized the damage to the 
moving leaf itself, that the counterweight 
trusses and links suffered no damage, and 
the counterweight tower, aside from some 
derangement at the base, remained un- 
impaired, and that the moving leaf pos- 
sessed maximum stability, having a secure 
connection to the piers through the trun- 
nions and bearings located at the tops of 
the piers. This bridge is the earlier form 
of this type. Since its design improve- 
ments have been effected, one of which is 
the location of the operating machinery on 
the fixed triangular tower instead of on 
the moving leaf. If this had been used 


OVERHANG INCREASE DUE TO WARPED CONDITION 


here the work of repair would have been 
facilitated. 

The span is now being dismantled and 
rebuilt, new members being supplied where 
necessary. The contract for reconstruction 
was let to the original contractor, the 
Spence-Howe Construction Company of 
Port Arthur, and E. B. Van de Greyn of 
Houston, Tex., has been retained as con- 
sulting engineer. The bridge was origi- 
nally completed by the contractor in 1913. 
It was fabricated by the Penn Bridge Com- 
pany of Beaver Falls, Pa., according to the 
design and plans of the Strauss Bascule 
Bridge Company of Chicago. The bridge 


. was built at a cost of $35,000 for the Port 


Arthur Pleasure Pier Company, but is now 
under the control of the city of Port Arthur. 


Loose-Leaf Methods Applied 


to Surveyors’ Notes 


Detachable and Duplicate Records Highly De- 
sirable and Easily Taken with Proper 
Sort of Equipment 


By WILLIAM D. SELL 
Civil Engineer, Charleston, W. Va. 


OOSE-LEAF SYSTEMS have proved 

their advantages in most lines of busi- 
ness and professions. Yet it would seem 
that some points might be well emphasized 
when it comes to their adaptability to sur- 
veying. Here, I think, are three very 
strong advantages: (1) The ease of re- 
arranging and combining notes taken at 
different times and places by different corps 
in a logical and consistent order, which 
never can be foreseen and provided for 
when tight-back field books are used; (2) 
the facility with which portions of these 
notes can be removed for future field work 
without taking a burden of a whole knap- 
sack of miscellaneous bound books; (3) 
the ease of indexing and referencing. In 
my opinion, the lack of suitable binders and 
holders for loose-leaf sheets has been the 
reason that they have not been more largely 
used in our profession. 

What especially impresses me is the ques- 
tion of carbon duplication. Duplication of 
notes taken on engineering work should be 
done in order that the work of the parties 
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in the field may be available for the office © 


force within the shortest possible interval 
for mapping, calculations and study, and in 
order that the notes taken may be placed at 
two different points to guard against the 
losing of the original notes or the loss of 
the same by fire or theft. 

It must be remembered that field notes 
taken have a first value at the immediate 
time equal to the sum of the pay of the 
corps taking the same plus all the attendant 
expense. If the book is lost, the work must 
all be done over again. This is the basic 
value, and each unduplicated field book un- 
til maps and reports are made or work 
completed has such a value. There will 
always be some addition to this basic value 
on account of delay. What might be the 
amaximum value is purely conjectural; if 
the work to be done must for any reasons, 
strategic or commercial, be rushed to a 
speedy conclusion, the result of the loss of 
a notebook could not be measured in dollars 
and cents. 

The present form of duplicating field 
books as sold are not in my judgment a suc- 
cess. They have tight backs with alternate 
leaves perforated; the pages are about 5 x 7 
in., the open two pages being used for notes. 
They contain about 80 leaves and cost in 
the neighborhood of $1 each. They are 
somewhat of an improvement over the loose- 
leaf ring books for note taking, as the slip- 
ping of the carbon sheet in the latter is a 
continuing source of annoyance. 


A CONVENIENT SYSTEM 


I use a 5 x 8 sheet, which fills all my re- 
quirements a great deal better, and with 
the binders and holders securable are ideal. 
On this sheet there is a writing surface of 
5 x 7 in. which serves as the double page 
of the ordinary field book. In the field a 
sufficient number of sheets are placed in a 
clutch holder, using the kind with only one 
cover hinged. This holder is not too large 
for the pocket of the ordinary working 
jacket. 

For my original notes I use a good qual- 
ity of ledger linen, the best procurable, per- 
fectly plain. Some might prefer the sheets 
ruled on standard forms, but this would re- 
quire too large a supply to be kept on hand, 
and a plain sheet is adaptable in a minute 
or two to any arrangement necessary. The 
duplicate sheet may be a cheaper paper and 
of a decidedly different color. 

In place of a lot of loose papers to be 
sorted over and unfolded at frequent inter- 
vals, I use what I term data sheets. These 
are prepared in the .office (with colored 
duplicates), and on them is written infor- 
mation pertinent to the field work, such as 
conveyances, surveys, specifications, detailed 
instructions, tables frequently used in field 
calculations and the like. These are placed 
in .a binder, which is carried in the field 
either in a large inside coat pocket or in a 
knapsack. In this binder at the close of the 
day’s work are placed the original field 
notes. 

CARE OF NOTES 


Duplicates of the field notes are sent, in 
some safe manner, to the office at. as fre- 
quent intervals as possible. There they are 
placed in a binder together with the dupli- 
cate data sheets. If the field party is in 
camp, any duplicates on hand should be 
placed in a metal despatch box and left in 
the custody of the cook, with proper instruc- 
tion as to the value of the same. If the 
work is done from a city office, the dupli- 
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cates should be placed each night in a 
vault or safe. The original and duplicate 
notes should not be left at the same place 
for fear of destruction by fire. 

Every sheet should be dated and lettered 
at the top with the title of the engagement 
and subtitled with the particular subject 
being investigated. Follow the business 
rule, only one subject to the sheet, then 
later they can be properly and consistently 
rearranged, and any number, few or many, 
removed for temporary use in field or office, 
with no difficulty in selecting the proper 
sheets. If there is any information secured 
in the field, enter a memo sheet giving par- 
ticulars in full, and it can be inserted wher- 
ever it belongs. 

For the field supplies take about twenty- 
five sheets of each paper, original and dupli- 
cates, and place alternately together with 
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four carbon sheets of the same size. Se- 
curely wrap these and paste the wrapping 
and label the contents. Several of these 
packages will be an ample supply, and they 
can be carried anywhere without any ap- 
prehension of finding them soilea. The 
clutch holder will take about this amount 
very comfortably. 

If the work is of sufficient magnitude to 
justify a permanent record, this can be 
made in the office in ink on ledger-linen 
sheets. Much of it can be typewritten, but 
care should be taken that a record ribbon 
is used on the machine. 

As to the final disposition of the dupli- 
cates, when everything is done, reports and 
maps are made, construction completed and 
my clients have made a final settlement, I 
destroy them, as they have served the pur- 
pose for which they were made. 


Combine Waterworks Intake and Pumping 
Station for Standard Oil Refinery 


Erosion Difficulties and Long Suction Line Eliminated—Connection 
Made to Old Station Through Centrifugal Pumps Without Bypasses 


COMBINED intake and pumping sta- 

tion to furnish water for cooling and 
condensing purposes to the Sugar Creek 
refinery of the Standard Oil Company of 
Indiana, 10 miles east of Kansas City, has 
recently replaced a pumping station with 
3000 ft. of 36-in. suction pipe extended into 
the Missouri River on a pile trestle. 

This pile trestle, located on a section of 
riverfront unprotected by shore revetment 
for a distance of about 5000 ft., proved in- 
secure owing to frequent erosion of the 
river bank. Strenuous effort alone saved 
the refinery from a prolonged shutdown 
on several occasions. To relieve the anxiety 
attending this hazardous situation the offi- 
cers of the company determined to con- 
struct a substantial waterworks intake and 
to revet the riverfront to such extent as 
might be found desirable and necessary for 
protection. The refinery is operated steadily 
night and day and utilizes from 10,000,000 
to 20,000,000 gal. daily. Pumps in the new 
structure are below the low-water line and 
space is provided for either horizontal or 
vertical type, the latter type being installed 
at present. Flexibility, provision against 
any shutdown from either extreme high or 
low water, screen arrangement and no pro- 
vision for bypassing the centrifugal pumps 
in the new intake when the main is oper- 
ated as a suction pipe are features of the 
installation. 


WHY THE COMBINATION IS EMPLOYED 


A part of the undertaking originally 
contemplated, in addition to the building 
of a permanent intake, was to reconstruct 
or enlarge the existing pumphouse, to in- 
stall additional pumping machinery and to 
connect the pumps in the reconstructed 
pumphouse with the new intake by a sub- 
stantially laid suction pipe of large ca- 
pacity. Past experience seemed to have 
demonstrated that a long line of suction 
pipe could be operated successfully with 
the assistance of an auxiliary vacuum 
pump to remove air, particularly on occa- 
sions of low water, under a suction lift of 
15 ft. However, the fact that skill and 


vigilance could not entirely remove the 


hazard and uncertainty attending the 
operation 'of a long line of suction pipe, and 
that a large operating interest depended 


altogether upon an unfailing supply of 
waiter, led finally to the plan of making the 
new structure a combined pumphouse and 
intake. The old pump installation remains 
as originally built, but is connected with 
the new line of pipe to the intake for emer- 
gency use only in the manner originally 
contemplated. 

As the result of borings along the river 
bank and several preliminary studies the 
site selected for the permanent intake was 
about 2700 ft. in a direct line up the river 
from the original pumping station, or about 
3000 ft. by pipe line. The newly revetted 
shore line extends 300 ft. upstream to a 
junction with the old revetment, and in the 
near future a further extension downstream 
will fill in the remainder of the 5000-ft. 
gap previously described. The refinery is 
in the valley of Sugar Creek, immediately 
adjoining the original pumping station, 
which is near the mouth of the stream. 
The borings at the site of the intake indi- 
cated a stratum of shale at a depth of 26 
to 28 ft. below low water at the river face 
of the intake, overlaid with strata of bould- 
ers, broken stone, gravel and sand. The 
shale was regarded as a suitable founda- 
tion for the structure and was at an eleva- 
tion which admitted of excavation in open 
cut. Accordingly the specifications re- 
quired a row of steel sheet piles around the. 
site of the pier, with tops at least 7 ft. 
above low water on the river side and the 
bottoms driven to such depth as might be 
found necessary to admit of excavation in 
the open. 


EXCAVATION IN OPEN CuT EASY 


The excavation in open cut was accom- 
plished with no great difficulty and with 
but little interference from inflow water. 
In fact, when the shale was uncovered at 
a depth of 27 ft. below low water the in- 
flow of water was too slight to require the 
constant use of a small sinking pump. But 
later, after a few feet of foundation con- 
crete had been deposited, the water poured 
into the pit through openings between de- 
formed piles in such volume as to occasion 
a protracted delay and recourse to many 
expedients before it could be finally 
checked. Additional sheet piling was driven 
along the riverfront. Subaqueous blasting, 
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the sealing of cavities in boulders with 
river silt and frequent changes or rear- 
rangement of pumping machinery, all 
helped to get the water under control. 

The first 14 ft. of the foundation is of 
1:3:6 concrete, followed by 4 ft. of 1:3:5 
concrete containing steel reinforcing and 
bonding rods. The top of the foundation, 
forming the floor of the several chambers 
of the intake, is 9 ft. below the lowest re- 
corded river level at the refinery. From 
floor level to the top of the pier the height 
is 41 ft., the top being 5 ft. above the high- 
est recorded river level, that of the spring 
of 1908. The pier above the foundation is 
constructed of 1:3:5 reinforced concrete. 
A vertical division wall, 24 in. thick and 
parallel with the front face of the pier, 
separates the pier into two compartments, 
one for the pumps and the other for the 
screen chambers, sluice gates, screens and 
grates. Notwithstanding the heavy water 
pressure against the 24-in. main division 
wall during high water, the concrete is im- 
pervious and no water enters the pump 
chamber. 


FUTURE PUMP SUPPORTS PROVIDED 


Sixteen feet above the bottom there are 
a gallery on the land side of the pump com- 
partment and three _ reinforced-concrete 
beams, each 18 x 36 in., for the support of 
steady bearings of vertical pump shafts or 
for the support of horizontal pumps, should 
they be installed. The compartment is also 
spanned by two sets of six steel I-beams 
anchored into the concrete—the lower set 
for the pump-shaft bearings and the upper 
set, within 3 ft. of the top of the pier, for 
the support of the pedestal of the electric 
motors. At the level of each of these two 
sets of I-beams is a reinforced-concrete gal- 
lery, 6 ft. wide, affording convenient access 
to the machinery and supports for and ap- 
proaches to various details of intake and 
machinery equipment. 

On the river side of the main division 
wall are two solid walls, 30 in. thick, nor- 
mal to the main wall, dividing the space 
into three screen chambers, each 81% ft. 
long by 5 ft. wide. In each of these cham- 
bers are cast-iron screen guides for a 
double set of screens. The screens are in 
sections made of perforated steel plates set 
in frames of structural-steel angles. The 
bottom section of each row of screens has a 
heavy bale, to which is fastened a cable 
attached at the opposite end to a windlass 
on the traveling crane. Thus the entire 
line of screens is raised in one operation, 
each section of the screen being removed 
as it clears the guides at the top of the pier. 
The front of the pier is a double wall. The 
face or curtain wall is 18 in. thick, with 
openings 5 ft. square for two sets of grates 
for each of the three screen chambers. One 
set of these openings is below low-water 
level; the other set, 12 ft. higher, is for use 
during high water. The space between the 
walls affords ample room for the sluice-gate 
rods and guide bearings. In the inner wall 
there is a sluice-gate opening 4 ft. square 
opposite each grate in the curtain wall. 
The sluice gates are lifted by the traveling 
crane, the hook of the crane cable engag- 
ing a chain passing through an eye screwed 
to the top of the valve rod. The sluice 
gates, grates, frames and guides were fur- 
nished by the Coffin Valve Company. 

Each screen chamber has an independent 
suction pipe arranged for an independent 
pump, but any pump can draw water from 
the adjoining chamber by means of in- 
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verted siphon pipes embedded in the foun- 
dation concrete under the chamber division. 
To the horizontal flanged opening of each 
siphon pipe is bolted a companion flange in 
which is a conical valve seat. In this seat 
is fitted a leather-faced flap valve hinged to 
the companion flange. To an eye in the 
flap a cable is attached extending to the 
top of the pier, for the purpose of manipu- 
lation. 

The finish of the top of the pier is an 
overhanging balcony on the front, up- 
stream and downstream sides of the pier. 
The shore face is plain except for a brack- 
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COMBINED INTAKE AND PUMPING STATION 
FURNISHES OIL REFINERY 20,000,000 GAL. DAILY 


eted bridge rest and landing. The screen 
chambers and sluice-gate walls are covered 
with steel plates resting on I-beams set in 
pockets in the concrete; but the pump pit 
is open except for the balcony. This bal- 
cony and supporting beams of the pump 
motors are constructed 3 ft. below the top 
of the pier in order to minimize the danger 
of injury to the motors while handling ma- 
terial with the traveling crane. 

The skeleton work of the superstructure 
consists of four columns, the lower part of 
which is made of 18-in. Bethlehem beams, 
with brackets at the top for the support of 
the crane beams, the upper part of which is 
structural angles and plate, with a bracket 
near the top for the support of the two 
24-in. main roof beams. The two 18-in. 
crane beams rest upon the column brackets 
and at the ends‘in the brick wall on steel 
bearing plates. : 

The traveling-crane bridge is designed 
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to carry 30 tons so as to be able to handle 
horizontal pumping units, should an instal- 
lation of machinery of this type be found 
desirable in the future. The Whiting crane 
in use at the present time is of 15 tons 
capacity, designed for hand manipulation, 
and .is sufficiently powerful for handling 
the machinery now in use. 


MACHINERY JNSTALLED 


The machinery installed consists of three 
motor-driven vertical single-stage centrif- 
ugal pumping units, each unit having a 
capacity to deliver 10,000,000 gal. of water 
per 24 hours under a total head of 110 ft. 
when operating at a speed of 1175 r.p.m. 
The centers of the pumps are 3 ft. below 
low water and 32 ft. below the bottom of 
the motor bases. The 314-in. shafts are 
carried by a thrust bearing set in a bracket 
securely bolted to the bottom flanges of the 
motor-supporting beams. The motors are 
connected directly to the shaft by flexible 
coupling. Each motor is of 300 hp., of the 
three-phase 60-cycle 2200-volt, slip-ring in- 
duction type. A vertical centrifugal sump 
pump of 100 gal. capacity, actuated by a 
motor at the lower balcony level, is installed 
on the floor of the pump pit. 

The severe wear which vertical centrif- 
ugal pumps must undergo when pumping 
muddy water continually was recognized at 
the very beginning; yet the advantage of 
having the pumps always positively primed 
and ready for work was regarded as an 
offset to the higher cost of repairs and 
maintenance over that likely to be incurred 
in the use of horizontal pumps set at, a 
higher level. In any event, the intake is 
roomy enough to permit the use of either 
type of pump, and a change from one to the 
other type can be made in the future if ex- 
perience with the vertical pumps warrants 
it; but the engineers state that these pumps 
have now been in constant operation for 
more than six months with gratifying re- 
sults. The pumping machinery, gravity oil- 
ing system, shafting and bearings were 
furnished by the A. S. Cameron Steam 
Pump Works, and the motors, switchboard 
and furnishings by the Westinghouse Elec- 
tric & Manufacturing Company. 


CLARIFY WATER FOR HYDRAULIC VALVES 


Construction flexibility is provided for 
by lead joints on the horizontal runs of 
discharge pipe between the bend at the top 
of the rising pipe and the flanged wall pipe 
embedded in the concrete of the intake pier. 
The hydraulic valve on each of the dis- 
charge pipes is a standard Ludlow valve in 
which the hydraulic valve mechanism, 
rather than electrically operated. mecha- 
nism, was employed, according to the engi- 
neers, because of simplicity and freedom 
from accident, although the use of pressure 
water for this purpose entailed unusual ap- 
pliances. The Missouri River water is used 
in the refinery without previous sedimenta- 
tion; consequently provisions had to be 
made to clarify the water utilized in the 
cylinder of the hydraulic valves, and after 
clarification to place it under the requisite 
pressure for valve operation. This was ac- 
complished by installing a small open steel 
settling tank, 42 in. in diameter and 60 in. 
high, on the middle balcony, and suspend- 
ing beneath the same balcony a closed pres- 
sure tank, 30 in. in diameter and 60 in. 
long. The settled water flows by gravity 
into the pressure tank and is then put un+ 
der pressure by a small electrically oper- 
ated air pump. The waste water from the 
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valve cylinder returns to the settling tank. 
A hand-operated air pump is also provided 
as a substitute in case of failure of the elec- 
tric pump. 


3000-FooT SUCTION SUCCESSFULLY 
OPERATED 


Three lines of 20-in. cast-iron discharge 
pipes, one for each pumping unit, lead from 
the intake to a 36-in. main 2645 ft. long. 
This main is laid on reinforced-concrete 
slabs on a slightly raising gradient to a 
point about 300 ft. from the old pumping 
station, where it unites with two lines of 
steel pipe, one line leading to the distribut- 
ing system and the other connecting with 
the suction of the old pumping engines. 
This 36-in. line serves the purpose of a 
force main for the pumps in the new intake 
and in an emergency as a suction pipe for 
the pumps in the, old pumphouse. The 
operation of pumps successfully with a 
3000-ft. suction pipe may seem doubtful; 
nevertheless, it was satisfactorily accom- 
plished very soon after the new intake was 
completed, but before the new machinery 
was in shape to operate. At the time re- 
ferred to, the old intake was undermined 
and threatened to collapse through the ef- 
fect of river-bank erosion. Rather than in- 
cur the expense of repairs to the old intake, 
needed only a few weeks longer, the old 
pumps were coupled up to the new work, 
getting all the water needed through the 
3000 ft. of suction when operating under 
a vacuum of 15 ft. at the pumps. 

The novel feature of the work as planned 
is that no provision is made for bypassing 
the centrifugal pumps in the new intake 
when the main is operated as a suction pipe. 
The water, under suction lift, enters the 
36-in. main simultaneously through the 
three 20-in. branches and through the cas- 
ing and impellers of the three centrifugal 
pumps. In an emergency requiring more 
water than can be thus obtained it is de- 
signed to remove one or more impellers and 
cap the shaft opening in the pump casing. 
This expedient seems to answer every prac- 
tical purpose and serves to simplify greatly 
the mechanical part of the installation by 
avoiding cumbersome bypass pipes and an 
unnecessary multiplicity of valves. 

The intake is equipped with a two-pas- 
senger Hollister-Whitney electric elevator 
running from the top to the bottom of the 
pier, an Areo steam boiler and heating sys- 
tem, electric lights, sump pumps and pipes 
and other minor conveniences. 

The entire work was carried out under 
the direction of G. H. Moffett, superintend- 
ent of the refinery, who had his own force 
of mechanics to install the machinery and 
mechanical equipment in and about the in- 
take. C. C. Huhn acted as inspector dur- 
ing the period of construction. The Mid- 
land Bridge Company was contractor for 
the pier exclusive of the machinery and 
piping. The design of the intake, machin- 
ery layout, building, pipe line and mechani- 
cal details of the intake pier is the work 
of Wynkoop Kiersted, with the aid of his 
assistant, W. A. Bott. 


Cost Data on California Roads 


The expenditure since 1909 of $16,119,583 
by the California Highway Commission has 


resulted in the survey of 2280 miles of road, 


1705 miles of right-of-way secured and 1490 
miles of highway constructed, according to 
the California Highway Bulletin. 


Oiled Pavements Smoothed 


with Scarifier and Scraper 


In Riverside, Cal., Material Is Taken from High 
Spots and Saved for Use in Filling in 
Slight Depressions 


BOUT 120 miles of oiled pavement are 

in use in Riverside, Cal., some of which 
have been down more than 20 years. Most 
of this pavement has been laid on a con- 
crete’ base, but considerable decomposed 
granite base, rolled to a 4-in. thickness, has 
been put down and surfaced with 1% gal. 
of oil per square yard. As a whole, the 
oiled surfaces have given excellent satis- 
faction, it is stated, and are still the pre- 
ferred type of construction. There is, 
however, with heavy traffic and hot weather, 


and tamped. Depressions so filled have 
given satisfactory service for five years. 
It is not, however, intended to use this 
method where actual patching of the sur- 
face is required; only depressions less than 
1 in. in depth are treated in this way. 
Searifying and scraping are done only 
in the afternoons during warm weather. 
The scrapings, after being delivered in a 
winrow along the gutter by the road grader, 
are left until the following morning, when 
they can be handled more conveniently than 
when the temperature is high. The usual 
road crew on this work consists of two 
four-horse scarifiers and a road grader, 
each with one driver and one operator. 
Where the surface is rough, progress is at 
the rate of about % mile of 60-ft. street 
per day; but up to 1 mile per day has been 


THIS MACHINE CUTS UP HIGH SPOTS IN ASPHALT SURFACE 


an occasional roughening of the surface, 
which tends to increase if not remedied 
early in its development. 

About five years ago it was realized that 
some plan for smoothing down the irregu- 
larities in the oiled pavements was highly 
desirable, in order that such trouble might 
be remedied in the early stages. Experi- 
ments were made with harrows, or toothed 
scarifiers, but although they gave a measure 
of success the teeth were found to wear 
excessively and did not permit of a suf- 
ficiently flexible control. Further experi- 
ment applying the rotary disk idea met 
with greater success, and for several years 
now scarifiers have been in service with 
which roughened pavements have been 
effectively restored to a high degree of 
smoothness. 


SEQUENCE OF OPERATIONS 


The method is to loosen the surface of 
the high spots with the scarifier and follow 
with a road grader, which cleanly scrapes 
off the loosened material and leaves it in 
convenient shape to be gathered and hauled 
to the yard. These scrapings are kept free 
from foreign material by sweeping the 
pavement with a rotary brush just before 
scarifying it. After having cut the surface 
down to grade, the depressions are swept 
by hand, painted with heavy base crude 
petroleum and the requisite amount of 
the loose material or scrapings is filled in 


made where the roughening had developed 
to a lesser degree. 
Since scarifying is done only in summer, 
while the patching goes on all year, scrap- 
ings for winter use are stored during the 
summer. It is customary to have accumu- 
lated by fall a pile 5 or 6 ft. deep on a 
20 x 30-ft. area at one end of the yard used 
for storing the equipment of the street de- 
partment. Two patching outfits are usu- 
ally employed continually. The quantity of 
scrapings recovered per square yard varies 
so much with the condition of the pave- 
ment that no average figures can be quoted. 
It has been observed, however, that there 
is usually a greater recovery from surfaces 
on decomposed granite bases than from 
concrete base pavements. It has been found 
that the scrapings are a convenient and 
inexpensive material to use for driveways, 
garage floors, etc., and there has therefore 
developed a great demand for them for pri- 
vate use. During the summer considerable 
quantities are sold in outlying districts to 
purchasers who desire to remove the ma- 
terial from the streets themselves, but the 
city has use for most of the material and 
prefers to store it for repair purposes. 
The accompanying illustration shows the 
scarifier with the opposed sets of disks, 
which were added after some experiment, 
and which have been found effective in pre- 
venting any tendency to shift out of align- 
ment. The disks are 18 in. in diameter 
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and are spaced 1 in. apart by cast iron 
spreaders. The sets are so adjusted that 
the outer disk on each set is offset 1 in. 
from the track of the near disk on the 
preceding set. The axles of the disk sets are 
not quite parallel to the main axles of the 
scarifier, as it has been found that a slight 
inclination aids in turning the loosened 
material out of the cuts. This inclination 
is usually such that with 30 disks all spaced 
1 in. apart the actual effective cutting 
width is 28 in. This inclination is kept 
constant for all disk sets and can be changed 
by adjusting a pair of bolts on the frame. 
The entire set of disks is shifted right or 
left, lifted or depressed, by hand wheels on 
the operator’s platform. 

The scarifier has been developed and pat- 
ented by W. V. Darling, superintendent of 
streets at Riverside, Cal. 


Longest Span Slab Used in 
Chicago Hospital 


Reinforced-Concrete Building Contains 15-Inch 
Tile in Floor Slabs for 36-Foot Spans— 
Balcony Slabs Cantilever 12 Feet 


By J. NORMAN JENSEN 
Architectural Engineer, Chicago 


HE Cook County Psychopathic Hospital 

in Chicago is an unusual building in 
more ways than one. It is a reinforced- 
concrete structure, of four stories and 
basement, located on Polk and Wood 
Streets. It is primarily a hospital in which 
people believed to be insane can be detained 
for a sufficient length of time to determine 
whether they are rational or not. The pa- 
tient under suspicion is given a trial by a 
judge and a jury, in a court room located 
on the first floor of the building. 

Usually a hospital is laid out with a 
center corridor and a line of rooms on each 
side of this corridor. This necessitates 
either brick bearing walls for the corridors 
or beams and columns to carry the floors 
and corridor partitions. The span of the 
floor slabs running from the outside wall to 
the corridor partition, in the ordinary ar- 
rangement, is comparatively short. 

It was stated that the patients in this 
building are peculiar, at least as judged 
by ordinary standards. Because of the ad- 
visability of having large, open wards so 
that the number of attendants could be 
kept down to a minimum, and because of 
the necessity of having a clear, unob- 
structed view of every patient, day and 
night, it was decided to eliminate all walls 
and columns by spanning the slab from 
outside wall to outside wall. 
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FLOOR SLAB SPANS 36 FEET BETWEEN WALL GIRDERS 
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FLOOR SLAB AND CANTILEVER BALCONY DETAILS AND REINFORCING 


It is believed that this long-span slab is 
an innovation in hospital construction. 
Aside from the especial advantages men- 
tioned, the partitions can at any time be 


Gail 
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HALF PLAN OF BUILDING 
shifted to whatever position any new ar- 
rangement of rooms may dictate. 

Referring to the plan and typical sec- 
tions, it will be seen that the slab is 36 ft. 
center to center of girders, and that tem- 
perature rods are provided in the concrete 
top. The upper inch of the slab was trow- 
eled to a smooth finish. The two 1-in. 
square bars were placed in the 5-in. rib, 


extending well into the concrete girders at 
both ends. Some difficulty was experienced 
in obtaining the 15 tile, but a kiln outside 
the state was in a position to furnish them, 
after making some necessary changes in 
equipment. 

Section BB, through the slab alongside 
the stairway, shows a typical porch canti- 
lever, with two %-in. square top bars bent 
at one end so as to extend into a brick 
parapet wall, and anchored well into the 
adjoining slab at the other end. A slope 
of 3 in. for drainage is provided by using 
15-in. tile for a portion of the way and 
12-in. for the remainder of the distance. 

Although severe construction loads had 
been placed on these slabs, it was deemed 
advisable to make a load test. This was 
done under the direction of the writer, who 
represented the Building Department of 
Chicago. After the 1:2:4 concrete was 
about 4 months old, an area of 10 ft. in 
width and the full span in length was 
loaded with bags of cement so that the 
superimposed load was 250 lb. per square 
foot. The Chicago ordinances require hos- 
pital floors to be designed for 50 Ib. live 
load, plus the dead load. The test load, 
including the weight of the construction, 
is required to be double the sum of the dead 
and live loads. 

After the load had been on for 50 hours 
the deflections were carefully measured. 
The maximum deflection in the center of 
the span of the rib immediately under the 
center of the load was 3/16 in. The test 
was approved, as it was well within the 
allowable limit fixed by the city ordinances. 

Views of the under side of the long span 
slab and the cantilever porch slab are 
shown herewith. The Blome-Sinek Com- 
pany was the contractor, and Richard E. 
Schmidt, Garden & Martin were the archi- 
tects, all of Chicago. 


VIEW OF CANTILEVER BALCONY CONNECTING THE WINGS 
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Theory of Displacements Applied to Analysis 
of Suspension Bridges 


Influence Lines Drawn for Horizontal Component of Cable 
Tension and for Shear and Moment in Stiffening Truss 


By C. S. WHITNEY 
Assistant Engineer for John Parkinson, Architect, Los Angeles, Cal. 


HE STIFFENED suspension bridge 

with parabolic cables and parallel-chord 
stiffening trusses forms an economical type 
which deserves wider use, particularly for 
highway spans. While the exact analysis 
of stiffened suspension bridges is quite dif- 
ficult, the simple method outlined here can 
easily be applied. The simplification is ac- 
cOmplished by using the theory of virtual 
displacements instead of the theory of least 
work, and leads to equations and influence 
lines for the horizontal component of the 
cable tension, and to influence lines for 
shear and moment in the stiffening truss. 

The great advantage of the theory of dis- 
placements over the theory of least work is 
the fact that the effects of several forces on 
the displacements of the structure are 
treated independently of each other. To 
analyze the suspension bridge by the theory 
of displacements it is only necessary to con- 
sider the effect of the cable tension alone. 
It is possible to determine the effect of live 
load on the bridge by simply considering 
the effect of a cable tension of unit intensity 
when there is neither dead nor live load on 
the structure, while the least-work method 
involves the simultaneous effects of the 
cable tension and live and dead loads. 

The true theory of suspension bridges as 
developed by Melan is too involved for gen- 
eral use. The approximate theory, based 
on the following usual assumptions, is ac- 
curate enough for all practical purposes, 
except for cases in which the stiffening 
trusses are light and the spans very long. 


ASSUMPTIONS MADE 


The axis of the cable is assumed to be 
parabolic, and the effect of the deflection of 
the cable on the shape of its axis as a force 
polygon is neglected; that is, the effect of 
elongation of the cable is considered as it 
increases the load on the stiffening truss, 
but the cable is always assumed to maintain 
its original parabolic form. The stresses 
in all the hangers of such span are consid- 
ered equal, and the effect of the deformation 
of the hangers may be entirely neglected 
without appreciable error. 

In the usual process of erection, the prac- 
tically ‘uniformly distributed dead load is 
taken by the cable until the stiffening truss 
is completed and made continuous in each 
span. If the floor system is placed after 
the stiffening truss is complete, it will 
stress the stiffening truss in the same way 
as a similar live load, but this effect can be 
obviated by leaving ithe stiffening truss dis- 
continuous or hinged at the ends and center 
of each span until the dead load is all ap- 
plied. The tower reactions are assumed to 
be vertical and the effect of the tower de- 
formations is neglected. 


EFFECT OF SINGLE CONCENTRATED LOAD 


When a single concentrated load is placed 
on the bridge shown in Fig. 1 the effect on 
the stiffening truss is the combined effect 
of the load and the uniformly distributed 
upward pull of the hangers. After the 
hanger tension has been determined, the 
stiffening truss becomes a simple or con- 


tinuous truss, according to its type, and the 
stresses may be found by ordinary means. 

The moment of inertia of the stiffening 
truss can usually be considered constant 
without much error. The effect of varia- 
tion of moment of inertia could be consid- 
ered, if desired, by the graphical method of 
treating such beams. It is usually suffi- 
ciently accurate on the safe side, except for 
very long-span bridges, to assume that the 
truss is a golid-web beam of the same mo- 
ment of inertia as the actual truss. 


FUNDAMENTAL RELATIONS 


Consider the case of the three-span 
suspension bridge in Fig. 1 with a concen- 
trated load P applied at any point A. As- 
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FIGS. 1 AND 2—FUNDAMENTAL RELATIONS 


sume that the cable is cut at the center 
point. It will then be undex no stress, and 
the two'ends of the cable where cut will be 
pulled apart a distance z by the deflection of 
the truss when P is applied. It is assumed 
for the present that the structure has no 
dead weight. Since the cable is actually not 
cut, the cable tension at the center must be 
just great enough to pull the ends together 
again and close the gap z. 

Maxwell’s theorem may now be applied. 
This theorem may be stated as follows: If 
on any elastic structure two equal forces P, 
and P, act at any two points 1 and 2 re- 
spectively, the displacement of point 2 along 
the line of action of P, produced by P, is 
equal to the displacement of point 1 along 
the line of action of P, produced by P.. 
Thus in Fig. 1 the value of z produced by 
P is equal to the value of y which would be 
produced by a tension H = P at the center 
of the cable. 


DETERMINATION OF CABLE TENSION H 


To find H, the tension at the center of 
the cable produced by a concentrated load P 
at any point A, we may proceed as follows: 
Cut the cable at the center as before and 
apply a unit horizontal tension at each end 
where cut, Fig. 2. The ends of the cable 
will then pass each other by an amount A. 
The cable tension will produce a uniform 
upward load on the truss, which will cause 
a vertical displacement of 5 at any point A. 
By Maxwell’s theorem, 8 is equal to the 
length of gap z, which would be produced 
by a unit vertical load at A. The length of 
gap due to a load P would therefore be P%. 

Since a unit cable tension will close the 
gap an amount A, the true cable tension H 
(produced by P) will close it an amount 


HA, and HA must, of course, be equal to 
P%, since there is actually no gap. Equat- 
ing and solving for H, there is obtained 


H = P3/A 
COMPUTATION OF 8 AND A 


The values of 3 and A are easily computed 
for any arrangement of spans. To find 4, 
the uniform load on the truss produced by 
a unit value of H is first computed from a 
formula given below, and the value of 3 
is then the deflection of the point A of the 
truss under that uniform load. 

The easiest method of computing A is to 
find the total work W done in the structure 
when the unit value of H is applied. This 
is equal to the external work done by the 
force H, assuming the cable cut at the cen- 
ter. As H is a gradually applied load, 
this external work will be 


W = YAH 
or solving for A, ; 
A = 2W/H 


Simple formulas are given below for the 
work in the cable and in the trusses, and 
the work in the suspenders may be neg- 
lected. : 


EFFECT OF CHANGE OF TEMPERATURE 


Since the ends of the cables are anchored 
at a fixed distance apart, changes of length 
due to changes in temperature will produce 
stresses in the structure. The effect of 
any range in temperature may easily be 
computed. Again consider the cable cut at 
the center and compute the gap A; pro- 
duced by the change in temperature, which 
would be 

Ay = Lte ; 
in which LZ is the total length of cable, ¢ 
is the change in temperature, and e is the 
coefficient of expansion. 

As before A; must equal H;A, or 
Ay be Lte 
AN our 

When H; has been found, the temperature 
stresses are, of course, all statically deter- 
mined. 


i 


APPLICATION OF METHOD TO SINGLE-SPAN 
BRIDGE 


In order to explain the method of anal- 
ysis, it will be applied to the case of a one- 
span bridge of average proportions, Fig. 3. 
The stiffening truss is 600 ft. long, con- 
tinuous from one pier to the other, and its 
depth is one-sixtieth of the span, or 10 ft. . 
The sag of the parabolic cable is one-tenth 
of the span, or 60 ft. The cable has a 
constant cross-section, and the inclination 
of the anchor cable is made the same as 
that of the parabolic cable at the tower, 
for greatest economy. The sag of the cable 
and the depth of the stiffening truss depend 
on the ratio of live to dead load and upon 
the allowable deflection of the bridge. They 
vary for different spans and classes of 
bridges, and the economic ratios should be 
determined for each case. 

As in the case of other statically indeter- 
minate structures, the stresses cannot be 
obtained until the size of the members is 
known, and hence an approximate prelim- 
inary design is necessary. The cable should 
be proportioned to carry the full live and ~ 
dead load. For this loading the horizontal 
component of the cable stress is given by 
the formula 

H = pl’/8s 
in which p is the total load per linear foot 
of truss, | the span length and s the sag of 
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the cable in feet. The maximum cable ten- 
sion is equal to Hseca, if « is the angle of 
inclination of the cable at the tower. 

The suspenders in this example are spaced 
15 ft. apart. The truss will be assumed to 
have a constant moment of inertia, and the 
maximum moment may be assumed for pre- 
liminary design to be wil’/50, in which w 
is the live load per foot of truss plus that 
part of the dead load placed after the truss 
is riveted up. The maximum and minimum 
moments in the truss occur very near the 
quarter points instead of at the center. The 
average maximum live-load moment will be 
about wl’/72. 


DETERMINATION OF W AND A 


The total work done by the unit tension, 
H = 1000 lb., at the center of the cable will 
now be determined by finding the work done 
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The work in a prismatic beam under uni- 

form load w is: 

W = wl /240EI 
Applying this to the stiffening truss in the 
given example, the work was found to be 
128.2 in.-lb. 

The sum of the three quantities just found 
gives for the total work W the value 
134.81 in.-lb. and from the foregoing for- 
mula: 

A = 2W/H = 2W/1000 = 0.2696 in. 

The work of the suspenders in this ex- 
ample was found to be 0.0547 in.-lb., which 
is obviously negligible. 


DETERMINATION OF 8 AND H 


The value of 8 is the deflection of the 
truss at the point under consideration when 
cable tension of 1000 Ib. exists at the cen- 

er. 


The uniform upward load per foot p 


a 
ee 
WAN VAN VAN VAN VAN VAN VAN VANVANVAS 


VN 


eee ey ee 
35- 


(ie oy Meee N 
Seve. © 88 =. 8 
Ste So IS 1S Ne oN) EIBsS 
Sas S Ss J SoS & 


~ iy ice) 
ReERRES EE ES 
Lye oriTee) wie ers aS 
Spe SS SSS Ra 


FIG. 8—INFLUENCE LINES FOR “H”’ AND FOR SHEAR “S” OR MOMENT “M” AT POINT 8 


in the parabolic and anchor cables and in 
the truss separately. 

The work done in the parabolic cable is 
given closely enough for practical purposes 
by the approximate formula: 

H’(? + 8s’) 

2A Hel 
in which 1 is the span in inches, s the sag in 
inches, A, the cross-sectional area of the 
cable, and HE, the modulus of elasticity of 
the cable. For the given example this value 
of W was found to be 3.853 in.-lb. 

The work in the anchor cables is given by 
the following formula: 


w= 


AH 
in which lJ, is the total length of both anchor 
cables in inches and « is the angle of in- 
clination of the anchor cables. This value 
was found to be 2.757 in.-lb. 


produced on the stiffening truss by this 
cable tension can be computed by solving the 
general formula for H given above. Thus 


p = 8H./? = 8 X 1000 X 60/600" = 1.33 


or 1.33 lb. per linear foot is produced by the 
suspender tensions. The equation of the 
elastic curve of a simple beam under uni- 
form load is 
wa wha 
12 24 24 
in which w is the load per linear foot and x 
distance from the left end to the section. 
The deflection at the center is 

5 wl 
Bae. 384 x EI 
which was found to be 0.501 in. The cable 
tension produced by a concentrated load P 
at the center of the span will then be 


0.501 
Ho = P3/A = T5a5q P = 1.857P , 
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The elastic curve of the truss under uni- 
form load is the influence line for the ten- 
sion H, and the H-line may be plotted as in 
Fig. 3 (see article in the Engineering 
Record of Dec. 18, 1915, page 762). The 
coefficients given below the curve are pro- 
portional ordinates obtained from the for- 
mula for 8 given above, and when multiplied 
by the ordinate H, at the center will give 
the ordinates of the H-curve. The influence 
line for H for concentrated loads can thus 
be plotted from these ordinates. 


VALUES OF H FOR UNIFORM LOADS 


The value of H for uniform loads (called 
H,,) is obviously equal to the area of the 
H-curve under the load multiplied by the 
load per unit length of truss. The H, curve 
is therefore the integral of the H-curve as 
shown in Fig. 3. Its equation is 

1 Se. _ 1 (wile we _ wa? 
Las EIA\ 48 120 48 

The value of H for full. uniform load 
(called H;) is equal to the full area of the 
H-curve multiplied by the uniform load per 
unit length and for the given type of bridge 
is: 


H, = 0.64H 1 


Under the H, curve are given proportional 
ordinates which when multiplied by H; will 
give the ordinates of the H, curve at the 
twentieth points to be used in plotting the 
curve. In this way it is only necessary to 
compute the component of the cable tension 
H,. under a single concentrated load at the 
center to get the H influence line for both 
concentrated and uniform loads. 

Typical influence lines for moments and 
shears at one of the panel points (8) of the 
truss, for a concentrated load in any posi- 
tion, are shown in Fig. 8. These influence 
lines show the position of uniform load for 
maximum and minimum stresses and their 
areas give the magnitude of the stresses. 
The construction and use of such influence 
lines are explained in “Modern Framed 
Structures” by Johnson, Bryan and Turne- 
aure, Vol. 2, page 221. 

In this brief treatment it has been possi- 
ble to give only the method of determining 
the cable tension, which reduces the struc- 
ture to a statically determinate condition. 
The deflections of the truss under any par- 
ticular loading can best be determined by 
drawing the elastic curve of the trusses for 
that loading by the graphical method, after 
the cable tension has been determined as ex- 
plained in the foregoing. 


May Railroad Income 52.6 Per Cent 
Higher Than in May, 1915 


Gross operating revenues for May on the 
large steam railroads of the United States, 
according to a bulletin issued by the Bureau 
of Railway Economics, were $1,307 per 
mile, showing an increase of $263, or 25.2 
per cent as compared with May, 1915. 
Operating expenses were $857, an increase 
of $122, or 16.6 per cent. Net operating 
revenue, therefore, was $450—an increase 
of $141, or 45.6 per cent; and operating in- 
come was $395—an increase of $136, or 52.6 
per cent. The operating ratio was 65.6 per 
cent, as compared with 70.4 per cent in May, 
1915, and 76.4 per cent in May, 1914. Con- 
sidering the three main districts, the re- 
spective ratios for May, 1916, and May, 
1915, were as follows: Eastern, 66.0 and 
70.0; Southern, 64.9 and 71.3; Western, 
65.3 and 70.5. 
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Million-Dollar Project, Just Started, Will 


Remove Flood Menace at Erie, Pa. 


Flow of Mill Creek Will Be Carried by Huge Concrete Conduit, 
Two Miles Long—Strategy Shown in Financing the Works 


By FARLEY GANNETT 
Consulting Engineer, Harrisburg, Pa. 


\HE problem of preventing damage in 

the city of Erie from floods in Mill 
Creek is being solved by controlling the 
flood water as it passes through the city, 
instead of by attempting to reduce the 
volume of flood flow coming down the creek 
to the city. Within one year after the 
flood of Aug. 38, 1915, construction work 
has been started on a comprehensive and 
costly flood-damage prevention project, 
with all the money necessary to finish it 
made available. 

Last year’s disastrous flood was de- 
scribed by Theodore E. Seelye, a member 
of the writer’s firm, in the Engineering 
Record of Aug. 14, 1915, page 186, and in 
the issue of Oct. 9, 1915, page 440, the 
report to the city commission by this firm 
was briefly described. The flood inundated 
about 150 acres in the heart of the city, 
killed 34 people and caused $2,000,000 dam- 
age to property. Since that date the plans 
recommended in that report have been ac- 
cepted by the city commission, a bond issue 
of $950,000 for construction of the works 
has been approved by vote of the citizens, 
surveys and designs are under way, con- 
tract has been let for a small piece of the 
work and ground has been broken there- 
under. 


A Two-MILE CONDUIT 


The adopted plan involves more than 2 
miles of a horseshoe-shaped reinforced- 
concrete conduit, 22x18 ft. inside dimen- 
sions, passing for most of this distance 
through the heart of the city. Fortunately 
for the cost of the work, but unfortunately 
for the owners of the property, it was pos- 
sible to lay out the line so that it follows 
a course which traverses properties prac- 
tically all of which had buildings removed 
from them by the flood. The city solicitor 
advised that for this reason, and because 
only an easement is required, no damages 
will have to be paid for this right-of-way, 
even when the new alignment departs en- 
tirely from the original creek channel. 
Placing the creek entirely underground will 
add. 12 acres of valuable city property, 
formerly occupied by the creek bed and 
channel, to the taxable property of the city 
of Erie. 

One of the interesting features of this 
project has been the promptness with which 
certain stages of the work were undertaken 
and prosecuted and the fact that within 
less than a year after the flood occurred 
actual constructién has begun. 


ALTERNATIVE PLANS STUDIED 


The flood, which occurred on the evening 
of Aug. 3, 1915, resulted from a heavy and 
continuous rain over the entire watershed 
of 13 square miles, lasting from 3 to 11 
p. m. On Aug. 23 consulting engineers 
were engaged to survey and report upon 
the best method of affording adequate and 
permanent protection. Two days later 


work was begun, and soon thirty men were © 


engaged on a comprehensive survey, which 
included propositions to deflect the water 
to Lake Erie above the city; to store the 


flood runoff in a permanent reservoir or 
reservoirs; to build a detention reser- 
voir and to construct a large conduit 
through the city to carry the unregulated 
flood. flow. These surveys and the accom- 
panying plans were completed and the re- 
port with recommendations and estimated 
cost of various plans was presented Sept. 
25, 1915. The city commission adopted 
Plan 2, involving a large conduit to carry 
the unregulated flow, in November of last 
year. 

The municipal election came at this time 
and changed the members of the city com- 
mission, but the new commission readopted 
the plan approved by the former one and 
ordered a bond issue election for the regu- 
lar primary election day, May 16, 1916. 
This was the only delay and was considered 
a necessary one. An active campaign, led 
by the mayor, carried the bond issue 
through by a five to one vote. 

The consulting engineers were almost 
immediately directed to begin work on the 
designs and specifications, and on June 3, 
1916, this work was under way. Plans and 
specifications for a small part of the work 
—some necessary excavation for temporary 
stream deflection—are now completed, con- 
tract let and work has begun; while plans 
for a reinforced-concrete drift catcher, to 
be located above the city, are completed 
and bids are being asked for. 


PROGRESS RAPID 


It is believed that, considering all the 
steps which had to be taken to bring this 
project to the point of construction, it is 
probably a record for so large a flood con- 
trol project and bears testimony to the 
energy and wisdom of the city commission 
and of the citizens of Erie. 

The tremendous majority in favor of the 
bond issue was a surprise to everyone 
familiar with the circumstances. There 
was a certain amount of opposition, objec- 
tion which applies to all bond issues; other 
plans, involving partial protection at less 
cost, were proposed, and there were people 
who thought the owners of property in the 
valley of Mill Creek were obtaining the 
improvement of their property at the ex- 
pense of the property owners in other parts 
of the city. No concerted opposition, how- 
ever, developed. 

The two most feasible plans for the elim- 
ination of the flood hazard were as follows: 
A detention reservoir, formed by a concrete 
dam 50 ft. high, 1 mile above the city 
limits. This reservoir would have a ca- 
pacity of 50,000,000 cu. ft. The dam would 
have an opening through its base 7 ft. in 
diameter, capable of discharging no more 
water than could be cared for by the chan- 
nel.below. Within the city the creek would 
be confined within a horseshoe-shaped re- 
inforced-concrete conduit 18 ft. wide by 
14 ft. deep. The cost, according to this 
plan, was approximately $800,000. 

The other feasible plan was to construct 
no reseryoir and to carry the unregulated 
maximum flood flow of 12,000  sec.-ft. 
through a similar conduit 22 ft. wide by 


18 ft. high in inside dimensions. A drift 
catcher was recommended to be constructed 
above the upper end of the conduit. The 
cost of this plan was $920,000, and this 
one was adopted. 

The reasons for its adoption are inter- 
esting. All the members of the city com- 
mission which was in office at the time the 
report was submitted were in favor of the 
detention-reservoir plan, as were quite a 
number of the citizens who were familiar 
with the work; but all agreed that it would 
be impossible to convince the average voter 
that the dam would not be a menace. They 
all hesitated to put the plan involving a 
dam up to the voters for a bond issue, fear- 
ing it would fail to receive the necessary 
approval. 


DETENTION RESERVOIR PREFERRED 


Most, if not all, of the members of the 
new city commission favored the detention- 
reservoir plan on account of its lesser cost 
and because it would afford a better means 
of stopping débris from entering the con- 
duit; but they also feared the result of 
putting a proposition involving a dam be- 
fore the voters. It was therefore decided 
by both commissions that, although they 
favored Plan 1 recommended by the engi- 
neers, involving a detention reservoir, on 
account of the prevailing feeling against 
dams and the necessity of putting the ques- 
tion to the vote of the people for a bond 


issue, the plan without a dam was to be 


preferred, even though it would cost con- 
siderably more. 

The consulting engineers recognized this 
situation, and in submitting their report 
recommended either one of the two plans, 
indicating, however, their preference for 
the detention-reservoir scheme. 

It was estimated by numerous methods, 
described in Mr. Seelye’s article, that the 
maximum discharge during the flood was 
approximately 11,000 sec.-ft., over 800 
sec.-ft. per square mile, for the 12.9 square 
miles of watershed. The conduit is de- 
signed to carry 12,000 sec.-ft., with a value 
of ~= 0.012. The alignment of the con- 
duit will omit sharp bends and grade 
changes and will preserve a constant cross- 
section throughout. Great pains will be 
taken to obtain an exceedingly smooth sur- 
face on the inside of the conduit in order 
to maintain a high efficiency. Borings are 
in progress through the 244 miles of line 
to determine the rock elevation. The rock 
is shale, soft above and harder the deeper 
one goes under the surface. The final de- 
sign of the section has not yet been de- 
termined upon. 


FINANCING THE PROJECT 


When survey work was started at Erie 
last fall the general impression prevailed 
that it would not be possible to handle the 
construction with money voted by a popular 
bond issue, as Erie people would not vote 
for bond issues. Erie had a small debt, 
except for schools and waterworks, and it 
was the general belief that a bond issue 
for anything else, being almost unheard of, 
would surely fail. Gradually this impres- 
sion became less and less fixed, and when 
in November, 1915, a bond issue of $1,000,- 
000 for a new high school passed there was 
much satisfaction felt by the city commis- 
sion, as it was believed that event augured 
well for a flood-control bond issue. In 
order to obviate the necessity of a popular 
bond-issue vote it was proposed at one time 
to build the Mill Creek flood work a little 
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at a time as money could be made available 
by vote of bonds by the city commission. 

The question of the elimination of some 
dangerous railroad grade crossings came 
up for final decision about this time and a 
contract was finally signed between the city 
and railroads, by which the city agreed to 
pay $450,000 toward that work. At the 
time of the Mill Creek flood, similar but 
far smaller damage was done by Garrison 
Run near by and to the east of Mill Creek. 
Surveys and plans indicated that $200,000 
would be required properly to protect prop- 
‘erty from damage by this stream. Numer- 
ous storm-water sewers were also needed 
badly, and several old ones required exten- 
sive repairs. 


QUESTION SUBMITTED TO VOTE 


It was finally decided to put all these 
questions up to the people at once. Some 
wanted the Mill Creek work done, some 
thought the elimination of grade crossings 
important; the residents of the Garrison 
Run valley thought the control of that 
stream the most necessary, while others in 
the western part of the city, who had been 
damaged by the lack of storm-water sewers 
or by the breaking of old ones, wanted 
those conditions remedied before any new 
work was undertaken. 

By putting all the issues before the 
voters simultaneously it was believed the 
adherents of these various projects would 
vote for them all, while if only one or two 
were put up for vote those who were not 
to be directly benefited by the measures 
proposed would not back them and all might 
eventually fail. 

The decision proved to be a wise one, as 
indicated by the five to one vote by which 
the whole $1,450,000 of bonds, covering 
Mill Creek, Garrison Run, grade-crossing 
elimination and storm sewers, passed. The 
first allotment of 4% per cent bonds sold 
was taken at over 105. 

The first construction work to be under- 
taken, except for some temporary creek 
channel changes now in progress, will be 
the building of a row of concrete piers 
across the creek valley about 4% mile above 
the upper end of the conduit. The valley 
is 220 ft. wide at this point, with steep 
hill sides rising sharply. The piers are to 
be constructed to stop and hold drift coming 
down from the upper watershed, to prevent 
its entering the conduit. Ground was 
broken for this work with appropriate cere- 
monies on Aug. 3, 1916, the anniversary of 
the flood. 


ENGINEERING RECORD 


237 


BELT CONVEYORS HANDLE CEMENT FROM BARGE TO TRUCKS AT LILY BAY 


Thirty-Mile Macadam Automobile Road Built 
Through Maine Woods to Construct Dam 


Well-Maintained Gravel Road and Motor Trucks Prove Cheaper Than 
Teams or Railroad for Hauling Cement to Inaccessible Work at Ripogenus 


THIRTY-MILE macadam automobile 

freight road has been built through the 
Maine woods from Lily Bay to Ripogenus, 
and is being used to transport cement for 
dam construction for its second season, at 
costs stated to be much lower than for team- 
ing or for a light railroad. Over this road 
throughout the open season of 1915 nine 
5-ton White trucks hauled from 90 to 120 
tons of cement and miscellaneous freight 
per day. 

Many dams have been built on the upper 
waters of the Kennebec and Penobscot 
basins around Moosehead Lake, but always 
heretofore of timber. Water transportation 
for pulp logs—the chief product of this ter- 
ritory—and for campers—its chief visitors 
—has combined with the mountainous and 
heavily forested country to check railroad 
extension and bar highway building. Tim- 
ber of the best, cut on the spot, has always 
been available for dam construction. Until 
the building of a dam 86 ft. high to impound 
28 billion cubic feet of water was decided 
on by the Great Northern Paper Company, 


timber had no competitor for this purpose. 
This dam, however, is to be a permanent 
part of the company’s system for transport- 
ing annually 100,000,000 ft. of pulp logs and 
manufacturing them into paper. It is 
therefore being constructed as such dams 
are built where every requirement for mod- 
ern construction is ready to hand. 


CEMENT THE PROBLEM 


The mountain sides at Ripogenus gorge 
furnished stone, sand, lumber for forms, 
and wood for fuel in abundance. Cement, 
however—600 carloads of it—had to be 
brought in. The Maine Central Railroad 
was available as far as Kineo on Moosehead 
Lake, and the cement could be readily trans- 
ferred from this point to Lily Bay across 
the lake by barge, using a steamer of the 
company’s log-driving fleet for towing. 

A railroad to the dam would have cost 
entirely too much in proportion to the proj- 
ect, in view of the fact that it would have 
been useless after the dam was finished. It 
was estimated that the cheapest sort of con- 


TAKING METERED GASOLINE AT GRANT FARM, HALF WAY TO THE DAM, OPPOSITE THE MAIN GARAGE AND REPAIR SHOP 


AFTER A HEAVY RAIN 


struction would have cost $15,000 a mile, as 
against less than a third of this sum for 
construction and maintaining a first-class 
gravel macadam highway. The road, more- 
over, could at a later date be connected at 
reasonable expense with an existing high- 
way passing less than 20 miles east of Ripo- 
genus, which would furnish direct communi- 
cation between the company’s mills and the 
territory in which most of its pulp logs are 
cut. 

It was thus a question of using teams or 
motor vehicles for transportation. Al- 
though the company employs 1000 horses 
in this territory in logging, motor trucks 
were decided on. While each of the nine 
trucks cost more than twice as much as a 
four-horse team and wagon, each could 
make from eight to fourteen round trips a 
week, as against two for the team, and 
transport from 50 to 85 tons in that time, 
as against about 7 tons a week for the team. 
The far greater number of units required 
for team transportation would have made 
both first and operating costs more than 
twice that for the motor trucks. 


ROAD WELL DRAINED 


In building the road, drainage was a first 
consideration because of heavy winter snow- 
falls and the liability of rainy months oc- 
curring during the working season. In 
fact, just this condition has been realized 
this spring at the opening of the road’s sec- 
ond season. How well the gravel surface 
stands up under traffic after continuous rain 
is shown in the accompanying photographs, 
taken ‘early in the morning following a six- 
teen-hour downpour which wound up a week 
of bad weather. 

Gravel from numerous pits opened along 
the road and in a few places broken stone 
from shale cuts were spread on the road to 
a depth of 8 in. or more as it was graded, 
and consolidated by the traffic. The gravel 
used contains both clay and sand. The cen- 
ter of the roadway, which varied from 16 
ft. to 20 ft. in width with construction con- 
ditions, is crowned 18 in. to 2 ft. above the 
side ditches, and this crown is carefully 
maintained. In a few soft places crossed 
the total gravel fill amounted to several feet, 
the gravel packing into the material below 
till a solid bed was obtained. The maximum 
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cuts and fills required did not exceed 8 ft. 
and for about one-third of its length the 
road was built with very little grading. 

Every foot of the road is dragged after 
each rain. In bad weather as many as sixty 
men and fourteen teams have been employed 
in dragging, and in unloading ‘and dis- 
tributing gravel. Work on the surface is 
continuous, and no holes or ruts are allowed 
to form. 


RULING GRADES 5 PER CENT 


The road follows in the main an old log- 
ging road, for widening and straightening 
which considerable additional clearing was 
required. The road rises about 2385 ft. 
to the crest of the divide between the Ken- 
nebec and Penobscot basins 8 miles from 
Lily Bay. From here the road drops 295 
ft. to the dam. Descending from the crest 
the trucks ate snubbed down a 10-per cent 
grade 1200 ft. long—the only steep hill on 
the entire road. An ordinary snubbing ma- 
chine is used, consisting of separate sheaves 
mounted on four vertical shafts to which 
a hand brake is applied. A wire rope of 
double length is rove through the machine, 
one end being pulled back up the hill as the 
other descends with a truck. The machine 
is used to save wear on the truck brakes, 
and the trucks easily climb the hill light on 
the return trip. The ruling grades on the 
road are about 5 per cent. These must be 
climbed in low gear when the road is wet, 
and the trucks take them at 5 miles per 
hour in ordinary weather. For the rest of 
the way the trucks make speeds of 10 to 
15 miles per hour, both loaded and light. 


TRUCKS WELL CARED FOR 


Even during the season of 1915, when the 
road was first put in service and the trucks 
were operated for a time with two shifts, 
two hours a day was allowed for overhaul- 
ing. Spare parts were obtained promptly, 
the machines were kept in adjustment and 
heavy repairs were made at a well-equipped 
machine shop at Grant Farm. When oper- 
ating with one driver to a truck and a mile- 
age bonus for distances exceeding 77 miles 
a day, as at present, the trucks are dis- 
patched so that the drivers spend the night 
either at Lily Bay or at Grant Farm, 13 
miles from Ripogenus. At both places com- 
plete garages accommodating seven trucks 


CLIMBING A SLIPPERY HILL 
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OPEN COUNTRY IS RARE 


have been built, while at Ripogenus space 
for two trucks is provided. 

Cement, the large item of freight, is un- 
loaded from the specially built barge by a 
conveyor run by a gasoline engine. This 
conveyor dumps the sacks onto a bridge, 


- which is an extension of a conveyor passing 


through the top of the cement shed and 
operated by a 40-hp. gasoline engine plant 
on shore. From the second conveyor the 
cement is discharged by chute into the 
trucks, having only to be stacked by hand. 
The house contains four cross-driveways for 
this purpose, and 100 sacks can be loaded 
in 10 minutes or less. Cement is unloaded 
from trucks at Ripogenus to gravity rollers 
at three doors in the cement shed, which is 
set below the road on a steep hillside. When 
the trucks are running together, the entire 
fleet can be discharged and the last truck 
started back to Lily Bay 50 minutes after 
the first one has arrived at the dam. When 
hauling oil, food and supplies, loading and 
unloading take longer. Reinforcing and 
heavy construction equipment are handled 
by team because of the time required to 
load and unload and the fact that such loads 
cannot be hauled at high speed with safety.” 


ACCOMMODATIONS ALONG ROAD FOR MEN 


Two hotels for tourists, one at Lily Bay 
and one 9 miles above, in addition to Grant 
Farm, maintained for stock raising by the 
company, and the camp at Ripogenus fur- 
nish unusually good accommodations for the 
truck drivers and road crews. Horses and 
men of the latter force are also boarded at 
several logging camps along the road. 

To each truck is charged the cost of gaso- 
line, oil and repairs. Accurate costs have 
been kept on the entire system since the 
beginning of the work, and the company 
considers that the estimate on which the 
selection of motor-truck transportation was 
based has been fully justified by the actual 
experience. 

The road has been built and operated by 
forces of the Great Northern Paper Com-. 
pany, of which Garret Schenck is president. 
H. 8. Ferguson, of New York, is consulting 
engineer for the company. J. T. Mullen is. 
in charge of both the road and the dam con- 
struction. E. W. Prouty represents Mr. 
Ferguson as resident engineer on the dam.. 
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Diagram Useful for Bending 


Up Steel Reinforcement 


Shows What Percentage of Area of Rods for 
Maximum Bending Moment in Uniformly 
Loaded Beams May Be Bent Up 


By KARL D. SCHWENDENER 
Los Angeles, California 


REQUENTLY in the design of rein- 
forced-concrete beams it is desirable to 
know what percentage of the steel required 
for maximum moment is needed at any 
given section, and what area of the steel 
may be bent up. For the case of beams 
uniformly loaded the accompanying dia- 
gram has been prepared to indicate the 
points at which rods may be bent up, or 
otherwise dispensed with, for three types of 
beams with the maximum bending moments 
specified. 
To illustrate the use of the diagram, as- 
sume that a beam designed for M = WL/10 
requires 3.5 sq. in. of steel at the center. To 
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Per Cent of Total Steel That May Be Bent Up 


al a2 as 04 
Location of Section in Terms of Span Length 


DIAGRAM FOR PERCENTAGES OF TOTAL STEEL 
REQUIRED AT SECTIONS OF BEAMS 


find the area of steel required for moment 
at the quarter point, trace vertically from 
the quarter-point line on the diagram to the 
curve M = WL/10 and then to the left mar- 
gin, where 68 per cent is read. The area of 
steel required for moment at the quarter 
point is then 0.68 * 3.5 = 2.38 sq. in. 

It must be kept in mind that this diagram 
considers only the steel area required for 
tensile reinforcement of a uniformly loaded 
beam and that bond stress and diagonal 
tension reinforcement will need investiga- 
tion before an intelligent selection and dis- 
tribution of bent-up bars may be made. 


Erie Filter Plant Has Low Operating Cost 


An average of only 0.203 gr. per gallon 
of aluminum sulphate was applied to the 
water entering the Erie filters during 1915. 
An average of 3.6 lb. of bleach was used 
per 1,000,000 gal. Wash water amounted 
to 2.32 per cent, states J. S. Dunwoody, 
superintendent of filtration, in his annual 
report. The cost was $1.67 per 1,000,000 
gal., but this does not include pressure 
water, steam and electricity used or low 
duty pumping cost. 

Air drawn, supposedly, through a 
spongy place in the concrete into the 
underdrain of one filter caused a loss dur- 
ing washing of 6 cu. yd. of sand through 
the wash-water trough. This is.the only 
noticeable loss in 114 years’ operation. In 
May and June asterionella caused consid- 

- erable trouble by clogging. The filters re- 
moved the growth without the aid of a 
chemical. Bacteria by months ranged 
from 1 to 84 in the effluent, and no coli 
were found in 573 samples. 


Letters to the Editor 


Comment on matters of interest to engineers and contractors will be welcomed 


Instructions to Pilot Engineers on 
Federal Valuation 


Sir: The following instructions to pilot 
engineers with roadway parties on govern- 
ment valuation of the carriers have been 
prepared for use on the Duluth, South Shore 
& Atlantic Railway: 

The pilot engineer will represent the car- 
rier in the field and will accompany the 
roadway and track field party of the Inter- 
state Commerce Commission, Division of 
Valuation. The pilot will co-operate with 
the members of this party in securing in- 
formation for valuation purposes. 

Prior to the commencement of inventory 
the pilot should make a thorough inspection 
of the property. Maps and profiles should 
be compared with conditions on the ground 
and any changes noted. Obtain history of 
construction, noting: any unusual features 
thereof and dates of:tracklaying. 

Ascertain sources of different kinds of 
ballast material and any grading material 
which may have been hauled from a dis- 
tance. ’ 

Pilots should be informed of the owner- 
ship of all tracks belonging to the carrier, 
whether on the right-of-way or not. Par- 
ticular attention should be given to owner- 
ship of crossing frogs and switches connect- 
ing with foreign lines. Obtain copies of 
contracts covering agreements on crossings, 
joint ownership of tracks and structures 
and ascertain the present status of same. 
A study of these items in advance of the 
valuation will prove invaluable. 

Secure a list of special assessments made 
against the carrier for public improvements, 
such as paving, laying sidewalks and con- 
struction of drainage systems. 

Consult with division engineers, road- 
masters, section foremen and others in posi- 
tion to know about average service life of 
ties, switches, rails and fastenings, culverts, 
fences, crossing planks, stock guards, etc. 
A knowledge of the carrier’s experience on 
renewals of ties and track material will be 
helpful to a pilot on field work, and he should 
be prepared to confer with the assistant 
field engineer on these topics. Considera- 
tion should be given to the fact that the 
service life of certain parts of a property 
is sometimes affected by the amount and 
class of traffic to which those parts are sub- 
jected. 

The matter of “subsidence” or settlement 
of roadbed into the underlying ground will 
generally be given the attention of the head 
of the valuation department, who will issue 
special instructions to the pilot concerning 
same. In cases where evidence exists of a 
settlement of roadbed into the subsoil 
soundings or test borings will often reveal 
the nature and extent of extra grading 
done. Pilots should endeavor to have com- 
plete data in these cases, as the government 
engineers will require satisfactory evidence 
of hidden quantities before they will be re- 
turned in the inventory. 

In addition to right-of-way maps and pro- 
files, lists of sidings and industry tracks, 
regularly required by the Interstate Com- 
merce Commission, the pilot should provide 


a condensed profile of the Hine and draw- 
ings of the carrier’s standards and ballast 
sections. 

The road and track party will take an 
inventory of roadway tools in charge of sec- 
tion men. To this end it will often be 
preferable for carrier to furnish a list of 
tools for the entire line at the commence- 
ment of the valuation. 

When cross-section parties require the 
service of a section laborer to dig. ballast 
test pits, the pilot will arrange for such 
man to report when needed, equipped with 
the proper tools. Where water-supply pipes 
cannot otherwise be located and inspected, 
it may be necessary to dig holes to uncover 
them. 

It shall be the duty of the pilot to arrange 
for movement of camp cars. 

Pilots will check the work of field parties 
where practicable to do so. They should be 
provided with an inventory the carrier may 
have, including reports of section foremen. 
Also engineers’ estimates on construction 
quantities, force account bills, ete. 

In cases of difference of opinion on topics 
of inventory the pilot should endeavor to 
have a statement of the matter incorporated 
in the field notes. The pilot should approach 
all questions relating to inventory from the 
most impartial standpoint. An unbiased 
report is desired by all concerned. Over 
estimates or under estimates are alike un- 
desirable. 

F. T. Howes, 
Pilot Engineer, Duluth, South Shore & 
Atlantic Railway. 
Duluth, Minn. 


Planimeter and Plane-Table for 
Railway-Valuation Work 


Sir: Some recent experiences in connec- 
tion with field work and computations for 
determining volumes on railway-valuation 
work have prompted the following remarks: 

In the first place, it was somewhat sur- 
prising that the use of the planimeter was 
not allowed except for checking areas that 
had been worked out by “main strength.” 
An ordinary polar planimeter in good order 
will give results easily within a discrepancy 
of 2 per cent; and the error contained in 
the mean of two results will, on the average, 
not be much over 1 per cent. The field 
measurements, both the rod reading and dis- 
tances out, are subject to probable errors 
of at least 1 per cent, and the product or 
computed area will therefore have a prob- 
able error of 2 per cent. In fact it would 
be improper to measure the end areas any 
more accurately, for additional precision 
would be dissipated in the volumes by ir- 
regularities in the surface between end sec- 
tions. The scale chosen for plotting the sec- 
tions (vertical, 1 in. = 5 ft.; horizontal, 1 
in. = 10 ft.) allows the points to be plotted 
as accurately as they are measured in the 
field; hence the use of the planimeter is per- 
fectly consistent with the results desired. 

Where computations are used, much labor 
is wasted by many computers in carrying 
results to five and even six places when 
there are never more than three signifi- 
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cant figures in either factor, and there- 
fore the result cannot possibly be accurate 
to more than three figures. A slide rule 
will do for most cases. 

Again, the use of the very simple and 
universal co-ordinate method of computing 
irregular sections seems not to be generally 
understood. It has been given in different 
ways, but the best form I have found is in 
Pickles and Wiley’s text on ‘Railroad Sur- 
veying.” 

It seems possible, too, that there is a place 
for a wider use of the plane-table (approxi- 
mate cost $75), whereby sections and sta- 
tion maps may be plotted directly in the 
field. This method has many advantages as 
regards both time and expense and would 
relieve the tedium and opportunities for 
error in office plotting. In many places on 
extensive work special instruments are in 
use, but it seems that on many smaller units 
of work the simple table could be used in 
the field to very good advantage. 

W. H. RAYNER, 
Instructor in Civil Engineering, University 
of Illinois. 

Urbana, Ill. 


Accept the Bids Nearest the 
Average and Not the Lowest 


Sir: Recently the Engineering Record 
and some other engineering publications 
have commented on the question of the 
policy of awarding contracts to the lowest 
bidder. In my opinion, most city engineers 
and city officials recognize that this is a 
pernicious practice, and that many times a 
city spends more money for its work 
through this method and gets the poorest 
job than if the contract were awarded at a 
higher price. 

It may be that the difficulty of changing 
the practice is entirely due to the attitude 
of the average citizen, who so frequently 
comes to the conclusion that city officials 
are dishonest unless contracts are awarded 
to the lowest bidder. At the same time it 
is certain that the citizen in his private life 
and the manufacturers do not place their 
orders solely on the basis of the lowest bid. 

It seems to me that some method by which 
cities would award contracts to the bidder 
whose price was nearest the average would 
tend to improve the class of contractors, 
raise the standard of work and make city 
work more attractive to efficient, responsi- 
ble parties. 

Some such method of awarding contracts 
to the bidder nearest the average would 
prevent a contractor from receiving exces- 
sive prices and at the same time would pre- 
vent the city from accepting bids from irre- 
sponsible men, who bid so low that they 
must either fail before the work is com- 
pleted or skin the job. 

This suggestion has occurred to me be- 
cause in so many cases the contractor who 
gets big jobs for ‘granite-block paving by 
reason of offering the lowest bid requires 
constant watching. It is impossible to get 
a properly laid granite pavement of the 
modern type unless the contractor receives 
a price that is profitable. 

The result of the present practice is that 
granite-block paving, as well as other types, 
suffer the ignominy of having the material 
criticised when it has nothing to do with 
the case—when most of the burden can be 
laid to the present practice of awarding con- 
tracts to the lowest bidder. 

By making the average bid the standard, 
the aim of the contractor in every case 


would be to make the price absolutely cor- 
rect and just for the work. It would give 
the engineer an opportunity to demand that 
the specifications be lived up to and relieve 
him of the feeling that it would be unjust 
to insist upon rigid adherence to the speci- 
fication when the contractor had taken the 
job at a losing price. 
ZENAS W. CARTER, 
Field Secretary, Granite Paving Block 
Manufacturers’ Association. 
Boston. 


Small Bridge “Repaired” by Local 
Officials Fails 


Sir: I am inclosing a photograph of a 
recent bridge failure in this county that I 
trust will be of interest to your readers. 

The structure was a 33-ft. span, light 
truss highway bridge. During the summer 


in our meeting foreign prices or making 
goods suitable for foreign requirements so 
long as we have no ships in which to de- 
liver them, or control of banking facilities 
by which settlements are made in payment 
for them. It is absolutely impossible for 
us to develop and hold foreign markets in 
the case of a large proportion of our manu- 
factured goods as long as we attempt to 
hire foreigners who have the same line of 
goods to sell, in the same markets, to carry 
our goods in their ships. 

It is all right when we ask the foreigner 
to deliver things that he needs in his own 
country, or things that do not enter into 
competition with those that he wants to sell 
—he is only too glad to take our money for 
carrying them; but the minute we ask him 
to carry something that hurts his own man- 
ufacturing business it is a different story. 
He will take our freight money just the 


THIS BRIDGE COLLAPSED UNDER THIS LOAD DURING THE RECENT HOT WAVE 


of 1915 it was “repaired” by the township 
trustee by placing a 12-in. concrete floor on 
6-in. I-beams. During the fall and winter 
the 20-ton engine shown crossed it safely, 
but during the recent hot wave, with the 
thermometer at 105 deg., the failure oc- 
curred. The truss buckled and the rivets 
were all sheared or pulled out. Although 
the truss was badly bent and twisted, no 
members were broken. By the trusses fail- 
ing on both sides at once the engine dropped 
squarely into the creek, a distance of 9 ft., 
a broken axle being the only damage to the 
machine. 

There are large numbers of similar type 
trusses being repaired (?) by local officials 
through the Middle West, and accidents of 
this kind should impress on the minds of all 
public officials the necessity of competent 
engineering supervision for this work. 

R. L. LONGSHORE, 
Deputy County Surveyor. 
Decatur, Ind. 


Our Trade in British Eyes 


Sir: Referring to an editorial in your 
Aug. 5 number, page 157, entitled “Our 
Trade in British Eyes,” I would, without 
denying the importance of the statements 
made, venture to correct and amplify one 
of them by saying that the fundamental 
basis of a foreign trade under any circum- 
stances is a merchant marine controlled by 
the people of this country. There is no use 


same and carry the goods to destination, 
but after they arrive he will use all manner 
of devious ways to prevent their being sold. 
To prove that his devious ways have been 
successful, note that the percentage of our 
manufactured goods sold abroad up to the 
outbreak of the present war was about 5, 
while that of England and ‘Germany was 
about 50. 

The people of this country must be 


brought to a realization of the fact that the. 


foreign shipping business is a basic indus- 
try on which rests the entire financial and 
commercial prosperity of the nation, and 
that a merchant marine owned by Ameri- 
cans and flying the American flag is the 
only door to a world trade. 
EDWARD A. EDWARDS, 
Standard Supply & Equipment Company. 
Philadelphia. 


Progress on Sacramento River Levees 


Of the 519 miles of river levees contem- 
plated by the Sacramento River flood-pre- 
vention scheme there have been constructed 
up to approved grade, as fixed by the Cali- 
fornia Reclamation Board, 80 miles; con- 
structed but not up to standard, 285; in 
course of construction, 19; projected, 6; un- 
provided for, 56; data lacking, 73. Of the 
194 miles of bypass levees there have been 
constructed up to approved grade 9 miles; 
constructed but not up to standard, 21; in 
course of construction, 40; projected, 25; 
unprovided for, 75; not yet located, 24. 


Elevated Derrick Removes Cracked 
Columns 


HE DERRICK used for removing the 
eight granite columns from the front of 
the twenty-one story Continental and Com- 
mercial National Bank building in Chicago 
was set above the street level on a bridge 


DERRICK FACES BUILDING TO SECURE GREATER 
WORKING RANGE 


over the sidewalk. The outer ends of the 
stifflegs extended beyond the curb line and 
rested on timber frames secured to the base 
platform weighted down with brick, as 
shown in the photograph. The bridge is 


HINTS FOR THE CONTRACTOR 


Details Which Save Time and Labor on Construction Work 


Other articles in this issue of interest to contractors and construction engineers are indexed in the Table of Contents 


[Contributions to this section are solic- 
ited, and if found available will be paid 
for. They must be SHORT, and should be 
accompanied, if possible, by photographs 
or sketches.—EDITOR. | 


constructed of heavy timbers to support the 
boom of the derrick and the materials. 

The columns are 60 ft. high, and the 
rings of granite cracked soon after the 
building was completed, nearly two years 
ago. The space between the steel columns 
and the ring was filled with concrete. Ap- 
parently the difference in the coefficient of 
expansion of the granite and the core caused 
the trouble. 


Brick Walls Under Mill Building 
Replaced in Sections 


By H. L. DRAKE 
Seneca Falls, N. Y. 


RICK BASEMENT walls of the build- 

ings of the Seneca Falls Woolen Mills 
Company, which will be below water level 
when the State Barge Canal is in service, 
have been strengthened by partly replacing 
them with concrete piers, built alternately, 
without any settlement or damage to the 
buildings. The main building was of stone, 
with wooden interior columns. The brick 
walls of the basements of the other build- 
ings, in which were located the boiler and 
power plants, rested entirely on stone 
foundations. When it was found that the 
buildings could not be protected by con- 
structing a levee around them except at 
prohibitive expense, it was decided to un- 
derpin them with concrete, remove the ma- 
chinery from the basements and fill in the 
entire property, including the basements, 
to an elevation 1 ft. above the future water 
level. Sections 18 in. wide were cut through 
the brick wall from the stone foundations 
to a point 2 ft. above water level. These 
cuts were on about 6-ft. centers, leaving 
piers of brick 41% ft. wide to support the 
load while the cut sections were filled with 


concrete. This concrete was placed within 
2 in. of the top and allowed to harden and 
shrink. The 2-in. space was then grouted 
and thoroughly rammed. As soon as this 
grout had set, a section was cut out of the 
center of each remaining 414-ft. brick pier 


and concreted in the same way. These 
piers are strong enough to take any water 
pressure that may develop from the out- 
side, and it is expected that the brick piers 
left in place will arch between them. No 
falsework was required by this method, and 
there was no danger of settlement to the 
buildings at any stage of the work. 

The interior wood columns, which rested 
on stone piers or on rock, were shored and 
removed. Reinforced-concrete columns were 
built in their places, capped with steel 
plates and wedged tight. All the base- 
ments were then filled with earth to a point 
above water level. 

The methods used were developed by the 
state engineering department. The contrac- 
tor for the work was the firm of Larkin & 
Sangster. 


Transfer Company’s Truck Rigged 
to Handle Long Loads 


HE Krause Transfer .Company of 

Milwaukee has for some time kept the 
truck shown in the photograph busy in the 
service of Milwaukee contractors, making a 
specialty of handling long pieces similar to 
the pile driver with which the truck is 
shown loaded. The truck has just hauled 
this 75-ft. pair of leads with its own power 
from the basement excavation of the Plank- 
ington Hotel. The excavation was about 
20 ft. deep and the runway from it was on 
a steep grade. 

For handling derrick timbers, steel gir- 
ders and other long loads the regular body 
of the truck is taken off and a home-made 
fifth wheel, which can be quickly attached 
to the frame of the car, is put on. This 
wheel consists of a couple of timbers bolted 
to the frame, two steel plates for a bearing 
surface, a bolster and a king bolt. 


TRUCK HAULS LONG LOADS FOR MILWAUKEE CONTRACTORS. 


IT HAS JUST CLIMBED OUT OF AN EXCAVATION 20 FT. DEEP WITH THIS ONE 
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Field-Office Accounting: Agent’s 


Account, Freight Records 
By BENJAMIN L. LATHROP 
Of Lathrop, Shea & Henwood Company, 
Scranton, Pa. 


HE LOCAL agent, timekeeper or super- 
intendent on a job is usually provided 
with sufficient funds to enable him to meet 
petty-cash expenditures and such payroll 
disbursements as may be absolutely neces- 


channels latticed back to back, and 6-in. 
channels are employed in the same way to 
form the stifflegs. The derrick has a 50-ft. 
wood boom with an 814-ft. bullwheel. It is 
equipped with a three-drum hoisting engine 
and boiler and a _ separate swinger, and 
handles a %-yd. bucket. When a section of 
excavation has been finished the bucket is 
taken off and the closing line attached to a 
pair of 35-ft. leads. The 2500-lb. hammer 
is handled on the hoisting line, and a run- 


1. Is there any difference between the 
watertightness of new and re-used sheet- 
ing? 

2. Should the sheeting be stretched tight 
from the inside of the cylinders by wedging 
against the bracing, or should they be tight- 
ened from the outside by putting a cable 
with a turnbuckle around them at the top, 
and by the outside water pressure when the 
cylinders have been pumped out? 

8. Is it necessary to calk the joints? If 


1916 Station To From Account 
Jan. 5 eeds Monroe Concrete 
20 Leeds Monroe Concrete 
22 Leeds Rocton Concrete 
23 Leeds Minor’s Excavation 
30 Leeds Demurrage . 
Feb. Leeds Millville Excavation 
10 Leeds Millville Excavation 


Car 
Released 


Car No. W. B. No. Weight Rate Amount Material Checked by Loaded Unloaded Date Paid 
37721 P.R.R. 191 64,600 1.90 61.37 Cement DJA. an. 6 Jan. 6 Jan. 
58 Sacks D.J.A. Jan. 19 Jan. 20 
9043 Y 224 86, 600 42 18.19 Stone D.J.A. Jan. 23 Jan. 24 Jan. 24 
1497 M.C. 254 99,400 2.00 88.80 Coal DJA. Jan. 30 Jan. 30 Jan. 24 
5.00 Jan. 30 
150 30 45 Casting Feb. 2 U Feb. 
270 150 -30 45 Casting D.J.A Feb. 10 Feb. 10 


Leeds, Ore., April Ist, 1916. 
R. Sanders, Agt., 
In a/c with Arnold Brown & Co. 
Mar. 1 To'Balancos. fosch ase cata dest ete $25.00 
5 Advanced laborer No. 301...........- $5.00 
Paid off laborer No. 305.............. 5 
6 Carfare to Corfu and return.......... 20 
Si Express onirollers sss cera weielee = 
10 Tom Burns, blacksmith bill........... 
12 Postage Stampss + \ 0b shane ales -50 
Received from General Office......... 
15 Paid off laborer No. 308 
17 Express on stationery............ eye -25 
25 Damage claim of Chas.Devon, paid on 
authority of Mr. Brown...........- 


$125.00 $24.50 $30.34 
24.50 


54.84 $54.84 
Mar. 31 Balance on hand..... nici ae eet Meee $70.16 
SUMMARY 
Charge Leeds March payroll.................- $24.50 
OL eae eee els ea eee Sone EEE Peete -20 
Theeds: Excavation o «cise eis one areiawiesein's areyoiseele 28.24 
Repairat ire. sate codes sransminomeeree 1.15 
Oia s. -chacteieues ste seul: cette .75 30.14 
$54.84 
sary between the regular paydays. In re- 


porting such disbursements for the month 
considerable work can be saved the general 
bookkeeper by having the agent keep pay- 
roll disbursements in a separate column and 
classify the expense items in a summary at 
the end of the statement, using some such 
form as that shown herewith. 

Extra copies of freight bills and bills of 
lading are hard to get. Sometimes the own- 
ers of the work being done require the orig- 
inal, and the duplicate has to be sent to 
the main office of the contractor. In any 
case it is advisable to keep a record of in- 
coming and outgoing freight on a large 
ruled sheet. Such a record has been found 
indispensable on many large contracts in 
connection with tracing shipments and ad- 
justing demurrage. Records kept in the ac- 
companying form are also valuable at times 
in proving whether the job has been kept 
properly supplied with materials. 


Traveler Moving in Two Directions 
Builds Channel Improvement 


By J. H. WEATHERFORD 
City Engineer, Memphis, Tenn. 

N A-FRAME excavator which moves 

forward or backward on double-flanged 
wheels and sidewise on rollers has figured 
largely in the construction of the Gayoso 
storm sewer and of a large concrete-lined 
open channel, which form a part of the 
flood-protection system, of the city of Mem- 
phis, described on page 775 of the Engineer- 
ing Record for June 10, 1916. This trav- 
eler not only makes the excavation, but is 
also driving with swinging leads the piles 
for the support of the channel lining. 

The machine has a rectangular base 15 x 
23 ft., which is made up of 15-in. cross I- 
beams, connected on each side by two 12- 
in. channels. The A-frame is made of 8-in. 


ner line from one of the winch heads is 
used for 4 pile line. In driving short piles, 
and in driving longer piles after they have 
reached sufficient penetration, the foot of 
the leads rests on the ground. Aside from 
handling both the excavation and the pile 
driving with one tool, the use of swinging 
leads on this work was practically a neces- 
sity, as piles had to be driven where it was 
impossible to use the ordinary form of 
driver with economy. 

The machine is the property of the con- 
tractor for the work, the Koehler 
Brothers-Fowler Construction Company, 
which has found it an almost indispensable 
adjunct. 


Asks How Variety of Sheet-Pile 
Structures Can Be Made Tight 


Sir: We are using, on a job where 75 
per cent of the ground is covered with 
water at high tide, both Carnegie and Lack- 
awanna steel sheet piling to form pier cyl- 
inders and also to make a large cofferdam. 
The pier cylinders, 14 ft. in diameter, are 
in water 24 ft. deep at high tide, and the 
large cofferdam is in water about 20 ft. 
deep. 

With these conditions in mind, we would 
like to ask your readers who have had ex- 
perience with similar construction the fol- 
lowing questions, answers to which will be 
appreciated: 


so, is there any better method than the use 
of sand or sand and flour? 

4. What is the best way to make a long 
straight line of sheeting watertight? 

5. What type of pump has proved best 
for unwatering such cylinders? 

Brooklyn, N. Y. i READER. 

[With regard to the second question, the 
contractor for the Hanover Street Bridge in 
Baltimore, which was described on page 632 
of the Engineering Record for May 13 last, 
had considerable success with constructing 
the bracing, for single-wall steel sheet pile 
cofferdams in deep water, a little smaller 
than the steel, and allowing the water-pres- 


.sure to clamp the piles against it. It was 


stated in the article referred to that the 
sheeting was jammed together and practi- 
cally all of the leakage shut off by the time 
a 2-ft. head had been established outside 
the dam. The success met with at the 
Forty-sixth Street pier. cofferdam in New 
York City in making large cylinders water- 
tight by stretching the interlocks, through 
placing a heavy stone fill on the inside, sug- 
gests that a long line of steel sheeting 
might be made watertight by anchoring it 
to master piles at the proper intervals and 
allowing the water pressure to stretch the 
intermediate sheeting tight. Every con- 
tractor has his own preference in the mat- 
ter of pumps. Many like for this sort of 
work small, direct-acting steam pumps that 
can be hung from a set of falls.—EDITOR. | 


COMPACT TRAVELER DRIVES PILES 


AND DOES EXCAVATING ON FLOOD-PROTECTION WORK 


opened to traffic this month. 


NEWS OF THE WEEK 


Passing Events in the Civil Engineering and Contracting Fields 


Main Lock Lake Washington 
Canal Opened to Traffic 


Lieut.-Col. J. B. Cavanaugh Conducts Cere- 
monies Celebrating Completion of Main 
Lock of Big Government Harbor 


The huge concrete main lock built by the 
United States government at the entrance to 
Salmon Bay as one link in the project to pro- 
vide a fresh-water harbor for oceangoing ves- 
sels plying from Seattle to other ports was 
The snagboat 
“Swinomish,” belonging to the U. S. Corps 
of Engineers, was the first vessel to enter 
the basin from Salmon Bay. Aboard the ves- 
sel were Lieut.-Col. J. B. Cavanaugh, Corps 


RECENTLY OPENED LAKE WASHINGTON 


of Engineers, U. S. A., builder of the canal; 
A. W. Sargent, assistant engineer in charge 
of canal construction work, and representa- 
tives of several Seattle organizations. The 
ceremonies were planned and conducted by 
Lieutenant-Colonel Cavanaugh, with Mr. Sar- 
gent as chief assistant. C. A. D. Young, as- 
sistant engineer in charge of construction and 
installation of lock gates and equipment, oper- 
ated the machinery. 


Basin Filled and Emptied During Ceremonies 


The ceremonies at the opening of the locks 
were of the simplest nature and took less 
than half an hour. Several thousand per- 
sons gathered to witness the event, and for 
their entertainment the great basin was filled 
and emptied several times. Promptly at the 
hour set by. Colonel Cavanaugh the basin was 
filled to the level of Salmon Bay, in which 
the “Swinomish” was waiting with steam up. 
The moment the vessel steamed her way into 
the basin the ponderous gates swung closed 
and the lock’s culverts were opened. When 
the water in the lock had reached the level 
of the outside channel into the sound the 
“Swinomish” headed for the open sea. By 
10.30 the vessel was again moored in the lock, 
after descending into the lower channel, mak- 
ing a turn beyond the Great Northern’s canti- 


lever bridge, and then retracing her course 
into the basin. 

With the opening of the main lock the first 
unit in the government canal was completed. 
The lock is 825 ft. long, 80 ft. wide, and at 
the Salmon Bay end opens into a channel 36 
ft. deep. The concrete walls of the lock are 
55 ft. thick at the bottom, 8 ft. thick at the 
top and 55 ft. high. When the lock is emptied 
and the water brought down to the mean 
level of Puget Sound the water inclosed by its 
walls has a depth of 36 ft.; when it is full, 
or raised to the level of Salmon Bay, the water 
has a depth of nearly 50 ft. Only eight min- 
utes are required to empty or fill the big 
basin. At high tide there is only 8 or 9 ft. 
difference between the level of the salt water 


Georgia House and Senate 
Pass Highway Bill 


No Provision for Highway Engineer—Oper- 
ating Fund Not Appropriated—Fail to 
Define Duties of Highway Department 


The Georgia Senate Aug. 11 passed the 
state highway bill recently created in the 
House of Representatives, making the prison 
commission the state highway department. 
Under an amendment the membership of the 
highway commission will also include the state 
geologist, the dean of the college of engineer- 
ing at the University of Georgia and the pro- 
fessor of highway engineering at the Georgia 
School of Technology. While the measure cre- 


CANAL LOCKS AND LIEUT.-COL. J. B. CAVANAUGH, WHO HAD CHARGE OF THE WORK 


in the outer channel and that of the fresh- 
water basin at Salmon Bay. The small lock 
built alongside the large basin is 150 ft. long 
and 380 ft. wide and receives vessels of 16-ft. 
draft. Its gates are much lighter than those 
of the large basin. 

Work on the two locks, begun in September, 
1911, represents an expenditure of more than 
$2,250,000. 


Lake Toxaway Dam Fails as a 
Result of Recent Heavy Floods 


The dam at Lake Toxaway, North Carolina, 
weakened by recent floods, broke Aug. 13. So 
far no loss of lives has been reported, as 
warnings enabled many inhabitants to escape 
before the flood reached them. According to 
reports from Asheville, a small part of the 
dam failed early in the evening, followed by 
the collapse of the whole structure within a 
few hours. A $10,000 electric-power plant 
was wrecked by the flood. A spring which 
had weakened the foundation is also said to 
have been a contributing cause of the acci- 
dent. The dam, built at aycost of $50,000, is 
reported to be an entire: less. The artificial 
lake formed by the dam covered about 550 
acres to an average depth of 30 ft. ° 


ates a “highway. department,” no funds are 
provided for its operation, nor is any provi- 
sion made for a highway engineer. Several 
highway bills have recently been presented in 
the Georgia House of Representatives, but 
none was voted on. When the $85,000,000 fed- 
eral good-roads bill became a law the creation 
of a Georgia highway department was neces- 
sary if the state were to receive the $2,000,000 
provided for its road construction. 

The Heath-Adams bill was accordingly in- 
troduced into the House July 26 and passed 
in preference to other measures considered 
more meritorious. No provision for the em- 
ployment of a highway engineer, no funds on 
which to operate a highway department and 
no definitions of the duties of such a body 
were included in the measure. That the Sen- 
ate would not accept the act was freely ore- 
dicted. It was thought that an appropriation 
for operating expenses and a definite provi- 
sion for a highway engineer would be ingladed 
before the bill became a law. 

The Senate, however, on Aug. 11 passed the 
highway bill in the form in which it came 
from the House. It contains no provisions 
other than those mentioned. According to 
legal advice, the bill is so inadequate that, 
Georgia’s share of the federal good-roads ap- 
propriation may be withheld. 
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ORE THAN SIXTY PERSONS were 

killed, houses were torn from their founda- 
tions, 18 miles of track on the Chesapeake & 
Ohio Railway demolished and nearly every 
bridge was sweot away Aug. 9 when the waters 
of Cabin Creek flooded part of West Vir- 
ginia. The area affected by the flood ex- 
tends over about 400 square miles, and the 
loss, not yet estimated, is expected to run into 
millions. The damage to an electric railway 
bridge near Cabin Creek Junction is shown 
in the top picture. The effect of the water 
and débris on the pier of a highway bridge 
near the junction is shown at the left. The 
pier of a steel structure just below Ronda is 
pictured at the right. The left lower picture 
shows the damage caused by the torrent to the 
Chesapeake & Ohio Railway bridge near Cabin 
Creek Junction. Only one bridge—a concrete 
structure upstream from the ones that failed 
—is said to have withstood the violence of 
the flood. Damage to the railroad yards at 
Cane Fork is shown in the lower right photo- 
graph. Dr. S. L. Jepson, commissioner of 
health of West Virginia, has sent a force of 
engineers into the flooded district to see that 
suitable sanitary measures are enforced. 
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To Abandon Part of Cleveland Tunnel 
in Which Men Were Killed 


That part of the West Side 10-ft. water 
tunnel at Cleveland in which twenty-one men 
lost their lives July 24 will be abandoned. 
Examinations have shown that the lining of 
the tunnel within 200 ft. of the scene of the 
explosion has been ruined beyond repair. The 
shore end will be projected so as to come into 
the outer end of the tunnel at an angle near 
the intake 5 miles from shore. Though the 
work of recovering bodies has been going on 
for ten days, only two have been taken out, 
leaving seven more buried. The explosion is 
said to have forced concrete blocks weighing 
1250 lb. up into the bed of the lake. 


Architect to Assist Engineers in 
Designing $1,250,000 Bridge 


The Secretary of War has appointed Nathan 
C. Wyeth, architect, of Washington, to co- 
operate with U. S. Army engineers in the 
design of the $1,250,000 bridge to be built over 
the Potomac River at Georgetown. The ap- 
pointment was indorsed by General Black, 
chief of engineers, U. S. Army. The new 
structure, which will replace the old aque- 
duct bridge, will be built of reinforced con- 
crete. It is generally understood that five long 
arches will be built high enough to allow un- 
obstructed passage of ships. 


What Engineers and 


Contractors Are Doing 


A. T. AND R. M. THOMPSON have 
osened consulting engineering offices in the 
Keystone Block, Chippewa Falls, Wis. A. T. 
Thompson was for several years city engineer 
for Stevens Point, Wis., resigning early this 
year to engage in consulting practice in that 
city. R.M. Thompson is a graduate of the 
University of Wisconsin and was formerly 
employed as instructor in the high school at 
Chisholm, Minn. 


T. KrErItTH LEGARE has been promoted 
from assistant city engineer of Columbia, 
S. C., to become city engineer. He has been in 
the employ of that city, with the exception 
of a little more than a year, since 1906. Mr. 
Legare spent several years as architectural 
draftsman before joining the Columbia engi- 
neering department as surveyor and drafts- 
man. He was made assistant engineer in 
1908 and was promoted to superintendent of 
streets soon afterward. In 1910 he resigned 
to become associated with Weston & Brooker, 
engineers and contractors, which was followed 
by his appointment with J. B. Urquhart, 
architect and engineer. In 1911 he re- 
turned to the city engineering department of 
Columbia as paving inspector and later in 
that year was made assistant city engineer. 
Since 1913 Mr. Legare has performed the 
duties of supervisor of public playgrounds in 
addition to those of assistant city engineer. 


FREDERICK C. WYSE, formerly super- 
intendent of waterworks of the city of Colum- 
bia, S. C., has been made assistant city engi- 
neer to succeed T. K. Legare, whose promo- 
tion is noted elswhere in these columns. After 
graduation from Clemson College in 1905 Mr. 
Wyse entered the engineering department of 
the Southern Railway. He resigned the fol- 
lowing year to become assistant to the chief 
engineer on construction of the Richmond & 
Chesapeake Bay Railroad, in which capacity 
he designed and constructed concrete arches, 
bridge abutments and piers. He joined the 
engineering department of Columbia in 1908 
as paving engineer and was made superin- 
tendent of the sewerage and water depart- 
ments three years later, 

W. CG. DopGe, formerly assistant in the 
engineering office of the Pennsylvania Lines 
West of Pittsburgh at Indianapolis, is now 


with the New York State Highway Depari- 
ment as rodman. He is located at Salamanca. 


CHARLES D. SNEAD has resigned as 
bridge engineer of the Virginia Highway Com- 
mission to take a similar position with the 
highway department of Wentucky. After 
graduation from the Virginia Polytechnic In- 
stitute in 1906 he entered the employ of the 
engineering department of the Norfolk & 
Western Railway. Two years later he joined 
the Virginia Highway Commission as drafts- 
man, from which position he was promoted 
to assistant bridge engineer. He has been 
chief bridge engineer of the commission since 
1914. 


CHARLES J. GADD, formerly engineer 
in charge of construction of the American 
Iron & Steel Manufacturing Company, at 
Lebanon, Pa., has been made chief engineer. 


L. G. WALLIS has been promoted from 
resident engineer to engineer of construction 
of the Jacksonville (Fla.) Terminal Company. 
Mr. Wallis will have charge of building the 
new union station in that city. 


WALTER COWELL, who was masonry 
inspector on the Elephant Butte dam, is now 
masonry superintendent of the Ryan Con- 
struction Company of Hartford, Conn. Mr. 
Cowell has been emdloyed on various dam 
constructions, including the Wigwam and Mor- 
ris dams at Waterbury, Conn.; the Weston 
Aqueduct, in Massachusetts and the Pathfinder 
dam in Wyoming. 


R. H. Tumy has resigned as assistant 
county engineer of Jasper County, Iowa, ;to 
become county engineer of Mahaska County, 
with office at Oskaloosa. Mr. Tumy was grad- 
uated from the civil-engineering department 
of Purdue University in 1909 and for a year 
thereafter was inspector on government con- 
struction work at lock 13 on the Kentucky 
River. He resigned to take up railroad work 
with the Chicago, Rock Island and Pacific 
Railway as instrumentman at Des Moines, 
Iowa. For three years he was stationed at 
Des Moines, resigning in 1913 to become as- 
sistant engineer of Jasper County. 


Roy M. GREEN has been appointed as- 
sistant professor of highway engineering in 
the Agricultural and Mechanical College of 
Texas. Mr. Green is a graduate of the Uni- 
versity of Nebraska and has recently com- 
pleted the graduate course in highway engi- 
neering at Columbia University. Since grad- 
uation he has been employed as testing engi- 
neer and superintendent of pavement con- 
struction with Clarke E. Mickey, consulting 
engineer, of Lincoln, Neb. Mr. Green’s ap- 
pointment increases the highway engineering 
staff of the college to three members. He 
will be in charge of the road laboratories. 


EpWARD C, ALBRECHT, formerly de- 
signer and estimator for the Trussed Concrete 
Steel Company, has joined the Republic Struc- 
tural Iron Works Company, Cleveland. In 
his new position Mr. Albrecht will design and 
estimate reinforced-concrete and steel work. 
He is a graduate of Marquette University 
and has been engaged in concrete and steel 
design for about three years. 


THOMAS A. STROUP has resigned from 
the engineering staff of the Tennessee Cop- 
per Company to become engineering assistant 
during the construction of the new copper- 
leaching and flotation plants of the Utah Cop- 
per Company at Garfield, Utah. The projects 
contemplated by the Utah company involve 
the expenditure of about $2,500,000, most of 
which will be spent on steel buildings and 
machinery. 


T. E. BENNETT, a recent graduate of the 
engineering department of the University of 
Wisconsin, is now employed in the engineering 
department of the Dayton Power & Light 
Company as chief draftsman. 


JACOB L. CRANE, JR., having completed 
the building of the $180,000 sewer system and 
disposal plant at Cleburne, Tex., has, moved 
to Menominee, Mich., to take charge of the 


construction of a filtration plant there. Mr. 
Crane has been employed by Burns & Mc- 
Donnell, consulting engineers, of Kansas City, 
Mo., since his graduation from the University 
of Michigan in 1913. 


Capt. J. B. HopGson, formerly in 
charge of underground operations in the Cop- 
per Queen mines, has been appointed to the 
consulting staff of Phelps Dodge & Company, 
with headquarters at Bisbee, Ariz. 


L. J. CHARLES, formerly construction 
engineer on the Elephant Butte dam, has been 
appointed assistant to James A. French, 
state engineer of New Mexico, succeeding S. 
S. Carroll, resigned. Mr. Charles will have 
charge of hydrographic and stream gaging 
work, 

EDWARD WEGMANN, consulting engi- 
neer, of New York City, has been asked to 


_ report on the present condition of the dam 


across the Colorado River at Austin, Tex., 
and to suggest necessary changes and improve- 
ments, especially in regards to the automatic- 
ally operating gates. 


CHARLES M. EDWARDS has been pro- 
moted from resident engineer to division engi- 
neer of the New York highway department. Mr. 
Edwards was born in 1872 at Plattsburg, N. Y., 
and was graduated from Yale University in 
1894. After a short experience in mining en- 
gineering he returned to New York to enter 
the state engineer’s office. In 1899 he opened 
consulting offices at Plattsburg and designed 
and superintended the building of a masonry 
dam near that city. He was also engaged on 
road construction and designed a gravity water- 
supply system for Dannemora, N. Y. A short 
experience with the Lackawanna Steel Com- 
pany in 1901-02 was followed by his appoint- 
ment with the New York state engineer’s de- 
partment. When the highway department was 
organized he was made first assistant engineer 
and later resident engineer. 


C. BOONE SADLER, who has been em- 
ployed by the engineering department of the 
city of Baltimore since 1907, has been made 
pitometer engineer. After about eight years’ 
experience as draftsman for different engi- 
neering companies Mr. Sadler joined the Balti- 
more Sewerage Commission as draftsman. He 
was for several years inspector, following 
which he was made assistant engineer in 
charge of the drafting room of the storm-water 
division. 

J.C. WATTS has resigned as deputy city 
engineer of Troy, N. Y., to become engineer 
of the harbor and dock commission of that 
city. 


Civil-Service Examinations 


United States—Examinations will be held 
Aug. 23 at the usual places for subinspector 
of radio towers at a salary of $5.52 a day. 
Another, for assistant material engineer, at 
salary of $5 to $6 per day, will be held Sept. 
5. Applicants for positions as architectural 
and structural-steel draftsman at $1,500 a year 
will be held Sept. 6 and 7. Form 1312 should 
be filled in by applicants. An examination for 
junior civil engineer will be held Oct. 11. 
Further information may be obtained at the 
usual places. 

New York—Examinations Sept. 2 for chain- 
man, $2.50 to $3 a day; sanitary engineering 
draftsman, $900 to $1,200 yearly, and super- 
intendent of landscape construction, Bronx 
Parkway Commission, salary $2,000 to $2,200. 
Particulars may be obtained from the secre- 
tary of the New York Civil Service Commis- 
sion at Albany. 

Examinations Previously Announced 
See Eng. 
Date Record 
Aug. 21-25. Second lieutenant, civilian 
candidates 1 
Aug. 22. Mechanical draftsman...... Aug. 5 
Aug. 23 and 24. Laboratory assistant.Aug. 5 
Sept. 18. Aid in Coast and Geodetic 
Survey and for draftsman... .. Aug. 5 
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Broom Drive on New Motor 
Sweeper Has Two Speeds 


The new motor sweeper manufactured by 
the Baker Manufacturing Company, Spring- 
field, Ill., is equipped with a broom drive that 
has two speeds. The sweepings are elevated 
by means of a series of built-up brushes, 
which empty into a dust receptacle of 2% cu. 
yd. capacity. The actual sweeping width is 


Chit 
A 80-hp. 4-cylinder motor drives the ma- 


chine at speeds of from 3 to 6 miles per hour, 
The wheel base is 10 ft. 4 in. and the treads 
56% in. and 98 in. at front and back respec- 
tively. The usual automobile accessories are 
included in the equipment. 


Centrifugal Pump Uses Smaller 
Impeller to Increase Efficiency 


The development of the steam turbine and 
the high-efficiency multi-stage centrifugal 
pump have gone hand in hand. Up to the 
present it has not been found entirely prac- 
ticable to reconcile the speeds of the two ma- 
chines so that each would work at its best 


THE USE OF SMALL IM- 
PELLER IS CLAIMED TO 
INCREASE EFFICIENCY 
AND REDUCE FIBER 
STRESSES. CASING IS 
DIVIDED ALONG HORI- 
ZONTAL CENTER LINE 
AS SHOWN 


efficiency. Heretofore it was necessary to re- 
duce the speed of the turbine and sacrifice 
much of its efficiency, or else speed up the 
pump with similar results. To overcome this 
difficulty the A. S. ,Cameron Steam Pump 
Works, New York dity, has designed and 
built a multi-stage centrifugal pump, known 
as the “BT” type. The -construction of one 
of the three-stage pumps is illustrated here- 
with. 

It is pointed out that with the ordinary im- 
peller the diameter cannot be reduced | suffi- 
ciently to get high speed without sacrificing 
vane length. Consequently efficiency for a 
certain vane length is necessary in order that 
the impeller may perform its function without 
excessive loss. Small external diameter and 
adequate vane length are obtained by bring- 
ing the vanes well down into the impeller 
hub. At the same time the vanes are so 
turned that the incoming water is guided 
smoothly into the outer portion of the vanes, 


where the velocity is generated that is finally 
converted into useful pressure by the external 
diffusion vane. Additional advantages in the 
small impeller are light weight and low fiber 
stresses. 

The casing is divided along the horizontal 
center line. Both the suction and discharge 
connections are in the lower half of the cas- 
ing. The upper half is readily removable, 
giving full access to the revolving element. 
There are suitable openings for draining the 
pump and for displacing the air when start- 


NEW MOTOR SWEEPER 
HAS 7-FT. SWEEPING 
WIDTH 


ing. Inlet and outlet nozzles can be arranged 
either on the same or opposite sides—held to 
be an important advantage where pumps are 
installed in limited space. 

Each impeller is cast in one piece and is 
of the inclosed type. Each impeller hub is 
surrounded by a pair of rings—one attached 
to the casing and. the other to the impeller. 
By using double rings the initial tightness of 
the joint between the low and high pressure 
sides of each stage can be restored without 
any fitting. 

To take care of thrust a simple internal 
hydraulic balancing dvvice is provided. This 
consists of a revolving disk attached to the 
shaft at the high-pressure end. Opposite the 


disk is a stationary drum of the same diam- 


eter. Water at high pressure causes the disk 
to react against the opposing thrust, neutral- 
izing it and holding the rotor in proper rela- 
tion to the casing. The slight leakage in- 
volved is piped back to the suction. 


Fire Cripples Crane Plant 


Owing to a fire which destroyed the Ohio 
Locomotive Crane Company’s machine shop 
that company has temporarily reduced its 
output. The normal production will be re- 
sumed in four or five months. 


Modern Equipment Used in Hawaii 


In spite of the low cost of labor and the 
high cost of shipping the Chain Belt Company 
has sold three of its concrete paving mixers 
to cities in Hawaii. Two of the machines 
are operated by gasoline engines and one by 
steam. 


Lumbermen Meet at Seattle 


The West Coast Lumbermen’s Association 
recently held its semi-annual meeting at 
Seattle. One hundred and fifty members as- 
sembled at the New Washington Hotel and 
participated in discussions pertaining to the 
lumber business. A guessing contest as to the 
breaking load of an 8 x 16-in. timber 16 ft. 
long gave opportunity to those who thought 
they knew the strength of lumber to prove it. 
A load of 88,200 Ib. broke the stick, and the 
winner’s guess was within 200 lb. of the actual 
breaking load. Tests were also made of dif- 
ferent kinds of fire-resisting roofing. 


Open New Cement Plant 


The new $650,000 plant of the Choctaw 
Portland Cement Company at Hartshorne, 
Okla., was put into operation Aug. 15. — Its 
capacity is 2000 bbl. a day, and it will offer 
employment to 200 men. Most of the outpui 
will be sold in Oklahoma, Texas, Arkansas 
and Louisiana. iron 


Business Notes - 


The Clydesdale Brick & Clay Company, of 
Pittsburgh, with a new plant at Elwood, Pa.. 
has become a licensee of the Dunn Wire-Cut- 
Lug Brick Company of Conneaut, Ohio. H. 
J. Orth is president of the Clydesdale company 
and W. W. Cunningham, vice-president and 
general manager. The present daily capacity 
of the Clydesdale plant of 100,000 paving brick 
will soon be doubled. 

The Corrugated Bar Company, Buffalo, has 
been reorganized and the new officers will as- 
‘sume their duties Sept. 1. A. C. Garrison is 
president; A. L. Johnson, vice-president and 


‘general manager; W. H. Kennedy, vice-presi- 


dent and secretary; A. E. Lindau, sales man- 
ager. ; 

The Link-Belt Company, Chicago, is en- 
larging its Indianapolis malleable foundry. 
The extension will be a one-story building 70 x 
275 ft., with a 106 x 140-ft. wing. The com- 
pany has just issued a revised price-list, effec- 
tive July 15. 

Wallace & Tiernan Company, manufacturer 
of chlorine control apparatus for water and 
sewage purification, has moved to its new 
factory at 137 Centre. Street, New York City. 

Arthur T. Nelson, for the past six years 
representative of the Trussed Concrete Steel 
Company in Seattle, Wash., has left that city 
for Boston, where he will engage in the gen- 
eral contracting business. A. G. Muessel, rep- - 
resentative of the Trussed Concrete Steel Com- 
pany in St. Paul, will succeed Mr. Nelson at 
Seattle. 


Trade Publications 


The following companies have recently issued 
trade literature: 

Spray Engineering Company, Boston. Bul- 
letin 201, 6 x 9 in., 16 pages, illustrated. De- 
scribes “Spraco” system for cooling ¢con- 
densing water. Illustrations of several instal- 
lations. 

Allis-Chalmers Manufacturing . Company, 
Milwaukee. Bulletin 1586. Devoted to air- 
compressor equipment. 

Lidgerwood Manufacturing Company, New 
York City. Folder, 9 x 12 in., 16 pages. De- 
scribes Lidgerwood cableways for hoisting and 
conveying purposes. Pictures of different 
cableway equipment and of jobs on which 
Lidgerwood equipment was used. 

Brown Hoisting Machinery Company, Cleve- 
land, Ohio. Catalog, 6 x 9 in., 64 pages. De- 
scribes Brownhoist locomotive cranes. Shows 
machines in operation on practically every kind 
of work to which they are adapted. Almost 
every page is filled with pictures. 

George Haiss Manufacturing Company, New 
York City. Folders describing “Haiss” wagon 
loaders. 


